SURFACE VEHICLE 12293-1 FEB2014
wternationaL. | RECOMMENDED PRACTICE | issued 1997-03

Stabilized 2014-02

Superseding J2293-1 JUL2008

Energy Transfer System for Electric Vehicles - Part 1.:
Functional Requirements and System Architectures

This stabilized Recommended Practice documents for reference the historical state of enerdy.trampsfer systems and
communications fgr electric vehicles as they existed in 2008, as defined in SAE J1772 (per published persion 11-1-2001)
for conductive chafging and SAE J1773 (per published version 11-1-1999) for inductive charging.

SAE J1772 continues to be updated to reflect the latest in conductive charging technology. See the latest available
version of J1772.

SAE J1773 remains unchanged for inductive charging.
Documentation for|the now-emerging “wireless” inductive charging systems ‘will be published when available.
Grid power quality for supplying charging systems is covered in SAE:document series J2894.

For state-of-the-ar] documentation on charging communications;érefer to the SAE documents in the series J2836, J2847,
J2931, and J2953.

STABILIZED NOTICE
This document hag been declared "Stabilized" by the SAE Hybrid - EV Committee and will no longer be subjected to

periodic reviews for currency. Users are responsible for verifying references and continued suitability of technical
requirements. Newer technology may exist.

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is
entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be revised, reaffirmed, stabilized, or cancelled. SAE invites your written comments and
suggestions.

Copyright © 2014 SAE International

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronic, mechanical,
photocopying, recording, or otherwise, without the prior written permission of SAE.

TO PLACE A DOCUMENT ORDER: ~ Tel:  877-606-7323 (inside USA and Canada) SAE values your input. To provide feedback
Tel:  +1724-776-4970 (outside USA) on this Technical Report, please visit
Fax: ~ 724-776-0790 http://www.sae.org/technical/standards/J2293/1 201402
Email: CustomerService@sae.org

SAE WEB ADDRESS: http://lwww.sae.org


http://www.sae.org/technical/standards/J2293/1_201402
https://saenorm.com/api/?name=49c436bc989575fe6e2b91cfc2479e57

SAE INTERNATIONAL J2293-1 Stabilized FEB2014 Page 1 of 84

FOREWORD

This SAE Recommended Practice is intended as a guide toward standard practice and is subject to change to keep pace
with experience and technical advances.

The ability of Electric Vehicles (EVSs) to correctly operate with the off-board electrical supply equipment used to charge
them is a major concern for the producers and consumers of such vehicles. This concern stems from the cost of
developing an electric “fueling” infrastructure. If EVs are to gain wide acceptance, this infrastructure must, at the least,
provide consumers with the same level of convenience that is available for today’s fossil-fueled vehicles. Ideally, there
would be a single set of physical and functional requirements for the interaction between an EV and the off-board
equipment. Designing to those requirements would allow any EV to charge with any off-board equipment, regardless of
the producer of the vehicle or off-board equipment. This would be similar to today’s internal combustion engine vehicles
and gasoline pum]s for unleaded fuels.

Today, there are ffwo electrical energy coupling methods under consideration for EVs. One*corductively transfers
electrical energy (AC or DC) through metallic contacts. The other inductively transfers.glectrical|energy through a
separable transforer. These couplings are detailed in SAE J1772 and SAE J1773, respectively. Each of these physical
coupling methods includes a means to communicate data that is necessary to control the transfer of engergy to the vehicle.
Unfortunately, thepe coupling methods are not physically compatible. Thereforé’, inoperability between EVs and
equipment using different methods is not possible.
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While inoperability between conductively and inductively coupled systems is not physically possible, each coupling
method performs the same basic functions. When the combination of the EV and the off-board equipment is considered
as a complete energy transfer system, there is no reason for the system’s functional requirements to differ due to the
physical coupling method. The only variation as a result of coupling method is the location (on-board or off-board) where
specific functions are accomplished. Defining standards for certain functions of the total system and standards for the
communication of data that pass between the EV and the off-board equipment will insure interoperability of equipment

with common coupling methods.

functional requirements.

Different coupling methods will require a different system architecture, not different

Control of the charging of an EV’s storage battery is specific to the type of battery and the configuration of the vehicle.
Also, energy may be brought on-board a vehicle for purposes other than charging of the battery. These other purposes
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1. SCOPE

SAE J2293 establishes requirements for Electric Vehicles (EV) and the off-board Electric Vehicle Supply Equipment
(EVSE) used to transfer electrical energy to an EV from an Electric Utility Power System (Utility) in North America. This
document defines, either directly or by reference, all characteristics of the total EV Energy Transfer System (EV-ETS)
necessary to insure the functional interoperability of an EV and EVSE of the same physical system architecture. The
ETS, regardless of architecture, is responsible for the conversion of AC electrical energy into DC electrical energy that

can be used to charge the Storage Battery of an EV, as shown in Figure 1.
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FIGURE 2 - EV ETS FUNCTIONAL GROUP SERIES\ENERGY CONVERSION
model in Section 6 is not intended to dictate a spécific design or physical implemen
| description of the system’s expected operationalresults. These results can be cor
pecific design. Validation against this document is only appropriate at the physical
See Section 8.

verview

nsists of two parts, as shown-«in_Figure 3. Each part is published separately. Pal

e various system architectures. It requires an SAE J1850-compliant network for c
ition between an EV and EVSE.

ation, but rather to
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boundary between

It 1 of SAE J2293

Requirements and System Architectures) describes the total EV-ETS and allocates fequirements to the

bmmunicating data
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293 (Titled: Communication Requirements And_Network Architecture) describes
ication network between the EV and EVSE for thisiapplication (ETS Network). It tre
FV/ and EVSE from Part 1 as external elements Gsing the network. Each part has the

the SAE J1850-
ats the network as
following outline:

Section 1 Scopet—Defines the purpose and content of the document.

Section 2  Refergnces—Identifies the version and source of all other documents referenced within thi§ document.

Section 3  Definitlons—Defines terms that are specific to the subject of this document and are not |defined in another
reference.

Section 4  Abbreyiations and Acronyms—Defines abbreviations and acronyms that are specific to [the subject of this
document and are not defined' in another reference.

Section 5 System Definition and\Context—Defines the purpose and content of the system by describ|ng the relationship
of the [system to itS.environment (external elements). This section also defines specific ¢onstraints that will
shape [the functional and physical requirements.

Section 6 Functipnalk-System Requirements—Defines the specific requirements of the system using the functional
decomposition method. The major functions are decomposed into simple, interrelated|elements, without
regard for whethera function witbe mpfementedoff-board—or on-boardthe EV—These elements form a
model of the total requirements.

Section 7 System Architecture—Defines the architecture(s) of the system. Each of the elements of the model in Section
6 are assigned to an EV or the EVSE. In Part 1, elements are first grouped into four functional groups.
These groups form a series chain of energy conversations, as shown in Figure 2, that is representative of any
of the ETS architectures.

Section 8 Validation—Identifies which of the requirements in Section 6 shall be validated for each of the architectures
described in Section 7. Specific test procedures are defined as required.

Section 9 Data Dictionary—Defines each flow used as a part of the requirements model in Section 6. These are the

minimum requirements that shall be considered when the system is actually implemented.
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1.2

Figure 4 shows the interrelationships of SAE J1772, SAE J1773, SAE J1850, SAE J2178, and this document. SAE J2293
references these documents and provides additional information to form a complete set of requirements. There are other
documents that will have an influence on the design of EV energy transfer system equipment. Where any conflicts exist in

SAE Document Interrelationships

the following documents, the documents shall have the following order of precedence:

1.

2.

SAE J2293
SAE J2178
SAE J1850
SAE J1772
SAE J1773
SAE J2293 SAE J2178 SAEJ1850 SAE J1773
Part 2 l ) _
, Message " Inductive
Messaging F i Communication o i
SAE J2493 Requirements orma Network oupiing
Part 1
Functional
Operatipn SAE Ji1772 SAE J1772
Control Pilot Canductive
Signal QOupling
Defrap Furciorel | (Denes Communcaton s v 029
Coupling Requirements
System |Architectures Physical Channels pling Req
HEYRE 4 - SAE J2293 DOCUMENT INTERRELATIONSHIP
1.3 System Classification
System architecturg zafiations shall be referred to as the following:

a. Type A—Conductive AC System Architecture
b. Type B—Inductive System Architecture

C.

Type C—Conductive DC System Architecture

Optional content for each system type is identified separately. See Section 7.
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2. REFERENCES
2.1 Applicable Publications

The following publications form a part of this document to the extent specified herein. Unless otherwise indicated, the
latest issue of SAE publications shall apply.

2.1.1 SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or 724-776-4970 (outside USA), www.sae.org.

SAE J1715 Elgctric Vehicle Terminology

SAE J1772 SAE Electric Vehicle Conductive Charge Coupler

SAE J1773 SAE Electric Vehicle Inductively Coupled Charging

SAE J1798 Rdgcommended Practice for Performance Rating of Electric Vehicle Battery Modules
SAE J1850 Class B Data Communications Network Interface

SAE J2178-1 Class B Data Communication Network Messages—Betailed Header Formats and| Physical Address
Assignments

SAE J2178-2 Class B Data Communication Network Messages—~Part 2: Data Parameter Definitions
SAE J2178-3 Class B Data Communication Network Messages—Part 3: Frame IDs for Single-Byte Horms of Headers
SAE J2178-4 Class B Data Communication Network Messages—Message Definitions for Three Bytel Headers

2.1.2 Additional References

The following publifations are mentioned herein and should be considered for reference.
2.1.2.1 NFPA Ptblication

Available from the| National FiresRrotection Agency, 1 Batterymarch Park, Quincy, MA 02169-7471, Tel: 617-770-3000,
www.nfpa.org.

NFPA-70-1996 INational Electric Code (NEC)® - Article 625

2.1.2.2  Other Publieation

Available from Dorset House Publishing, 353 West 12th Street, New York, NY 10014, Tel: 1-800-DH-BOOKS,
www.dorsethouse.com.

Strategies for Real-Time System Specification; Derek J. Hatley and Imtiaz A. Pirbhai, 1988
3. DEFINITIONS
3.1 Battery

See Electric Vehicle Storage Battery.


http://www.sae.org/
http://www.nfpa.org/
http://www.dorsethouse.com/
https://saenorm.com/api/?name=49c436bc989575fe6e2b91cfc2479e57

SAE INTERNATIONAL J2293-1 Stabilized FEB2014 Page 11 of 84

3.2 Branch Circuit

The circuit conductors between the final overcurrent device protecting the circuit and the equipment supplied by the
circuit. It is typically an unswitched circuit from the service equipment (fuse box) to an appliance. For this application, the
appliance is the Electric Vehicle Supply Equipment (EVSE).

3.3 Control Flow
The representation of information, energy, or matter that is used to alter the behavior of a system. These are shown as

dotted arrows on a data flow diagram (DFD) to indicate the source and destination of the flow. A flow may be both a data
and a control flow, depending on how it is used by the system. This construct is used as a part of the functional

decomposition pro
3.4 Control Spegq

The description of
process specificati
state transition dia|
data flow diagram
4-s7). This constry
3.5 Data Flow
The representation
arrows on a Data R
control flow, depen
process.
3.6 DataFlow D
A diagram that g
decomposed. Itc
part of the Functio
3.7 Decision Tal
A type of C-spec
combinational logi
dependent only on

3.8 Electric Utilit

Cess.
ification (C-spec)

a combinational or sequential logic operation, the results of which canvbe used
bn (P-spec), or to describe when a process is to be operational. Types include de

grams (STD), and process activation tables (PAT). C-specs are-shown as a sing|

ctis used as a part of the Functional Decomposition process.

of information, energy, or physical matter that is transformed by a system. These
low Diagram (DFD) to indicate the source and destination of the flow. A flow may bg
ding on how it is used by the system. This construct is used as a part of the Functig

agram (DFD)

ptures the flow of data, energy;-or physical matter between the portions. This con
al Decomposition process:

le (DT)

that defines the_conditions required to determine the value of a combinational
Cc function, as_opposed to a sequential logic function, is one where its presen

the presentalue of its arguments (inputs). See State Transition Diagram.

y PowenrSystem (Utility)

The system that g

as the input to a
cision tables (DT),
e vertical bar on a

(DFD) and are referenced by the DFD level they appear on, followed by an s-inglex (e.g., 2.3.3-s1,

are shown as solid
both a data and a
nal Decomposition

hows the relationship between<'portions of a larger, more complex process as the process is

struct is used as a

logic function. A
value (output) is

bnerates and delivers commercial electrical power to a residential or commercial by

ilding or facility. It

extends to and incl

udes a billing apparatus (electric meter).

3.9 Electric Utility/Local Load Management System (LMS)

A system that is responsible to monitor and control the load on some portion of the Utility or local premises’ feeder and
branch circuits. The goal of control may be to prevent overload or to reduce the cost of energy based on a specific billing

agreement.

3.10 Electric Vehicle Storage Battery (Battery)

A group of electrochemical cells electrically connected in a series and/or parallel arrangement, the principal purpose of

which is to provide

DC electrical energy to propel the EV.
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3.11 Electric Vehicle Supply Equipment (EVSE)

The equipment from the branch circuit to, and including, the connector that couples to the electric vehicle inlet, the
purpose of which is to transfer electric energy to an EV. This equipment is located off-board the vehicle.

3.12 Elementary Process

A process in a data flow diagram (DFD) that is not decomposed further. Its function or activity is described by a process
specification (P-spec). This construct is used as a part of the Functional Decomposition process.

3.13 Energy Transfer

The process of floy
3.14 Energy Tran

A strategy that acd
including the EV S
be operated to acc

3.15 Energy Tran

A system that is
(EVSE), the purpg
Battery and other

3.16 Functional D

A method used to
model of the requi
pieces. The flow
requirements.

3.17 Interoperabil

The condition whe
operation of the t

interoperable, relative to a 10-mm\héx-head bolt. The wrench and the bolt are both parts of a fastenin

that the system wil

3.18 Off-Board/O

ving energy to the EV from the EVSE.

sfer Strategy

ounts for all of the electrical energy needs of an EV and the present statds of all or]
orage Battery. It determines the rate that energy is to be transferred to the EV and
pmplish this.

sfer System (ETS)

distributed between an Electric Vehicle (EV) and the)off-board Electric Vehicle

se of which is to transfer electrical energy from the. Utility Power System (Utility)

ehicle loads. The EV and EVSE must be connected together for energy to be transf
ecomposition

describe the functional and behavioralrequirements of a system, component, or de

ements. It involves the hierarchical break-down of complex requirements into simpl
f information, energy, and matter petween the pieces is captured, along with the p|

ty

e components of & system, relative to each other, are able to work together to pe
ptal system. AS_an example, a 10-mm box-end hand wrench and a 10-mm 3

perform aswequired with either wrench establishes the interoperability of the wrench

n-Board ‘Boundary

-board equipment,
how the ETS shall

Supply Equipment
to the EV Storage
brred.

ice, captured as a
b, easy to describe
rocess and control

rform the intended
ocket wrench are
) system. The fact
es and the bolt.

The point where t

he_ETS is divided into two physical parts. One part becomes realized within the

off-board Electric

Vehicle Supply Equipment (EVSE). The other part becomes realized within an Electric Vehicle. This boundary will be in
different places, depending on the system architecture.

3.19 Power Stage

A physical and/or logical section of power conversion equipment that can provide conversion over a portion of the total
conversion power range of the equipment. The range of a specific power stage will overlap with its adjacent stages.

3.20 Process

A function or activity that can be described as an input/output relationship or as the combination of simpler processes. A
process is a basic building block of a data flow diagram (DFD).
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3.21 Process Activation Table (PAT)

A type of C-spec that defines the exact conditions required for the indicated P-specs to be active. This construct is used
as a part of the Functional Decomposition process.

3.22 Process Specification (P-spec)
The description of an elementary process. The description may include text, figures, and tables. The description

captures the input/output relationship for all flows shown on its related data flow diagram (DFD). A P-spec is shown as a
circle on a DFD, and has no further “child” processes below it. This construct is used as a part of the Functional

Decomposition pro

Ccess.

3.23 State Transi]ion Diagram (STD)

A type of C-spec
sequential logic fy
dependent on the
(previous inputs).

3.24 Type A Arch

A form of the ETS
boundary, via a co

3.25 Type B Arch

A form of the ETS
boundary, via an in

3.26 Type C Arch

A form of the ETS
boundary, via a co

3.27 Utility
See Electric Utility
4. ABBREVIATIC

C-spec Contrg

CSMA Carrie

that defines the exact conditions required to determine the value of a sequential
nction, as opposed to a combinational logic function, is one where its’ presen
present value of its arguments (inputs) and some number of the previous valueg
See Decision Table.

tecture

where AC electrical energy is transferred from the EV/SE to the EV, across the
hductive coupling.

tecture

where AC electrical energy is transferred{from the EVSE to the EV, across the
ductive coupling.

tecture

where DC electrical energy ds:transferred from the EVSE to the EV, across the
hductive coupling.

Power System,
NS AND ACRONYMS

| Specification
Sens€ Multiple Access

logic function. A
value (output) is
of the arguments

off-board/on-board

off-board/on-board

off-board/on-board

DFD Data H

lowDiagram

DT Decision Table
EPRI
ETS
EV
EV-ETS
EVSE
FG Functional Gro
FG#m
HVAC
IWC
LMS
NEC®
P-spec
PAT

Electric Power Research Institute
Energy Transfer System

Electric Vehicle

Electric Vehicle Energy Transfer System
Electric Vehicle Supply Equipment

up

Functional Group m

Heating, Ventilation, Air Conditioning
Infrastructure Working Council

Load Management System

National Electric Code®

Process Specification

Process Activation Table
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SAE SAE International
STD State Transition Diagram
VS Ventilation System

5. SYSTEM DEFINITION AND CONTEXT

The EV Energy Transfer System (ETS), shown in Figures 1 and 2, converts AC electrical energy from the Ultility into DC
electrical energy for storage into an EV Storage Battery. The system includes functionality that will be implemented both
on-board the EV, and off-board as a part of the Electric Vehicle Supply Equipment (EVSE). This system will not be
partitioned into specific physical components. It will be described as groups of functions that are to be implemented as
part of the EV or EVSE, depending on which of three different physical architectures is desired. The different system
architectures: Conductive AC (Type A), Inductive (Type B), and Conductive DC (Type C), each perform the same system
total function. THe difference is that particular sub-functions will be performed either by the EV] or by the EVSE,
depending on the grchitecture.

The ETS is defined to include all aspects of the conversion of AC electrical energy into DC elegctrical energy that will affect
the functional interoperability of an EV and EVSE. This includes all aspects of the physical.connectipn between an EV
and EVSE such as communication signals and power forms.

5.1 External Inteffaces

The ETS interacts [with other functional systems that are not considered to be-within ETS. This is illutrated in Figure 5.
These interactions| define the environment where the ETS must operate],and are the result of natdral and mandated
requirements. Soine of these external systems are optional. Therefore, any particular ETS may or may not include an
external interface tp interact with them.

DG_Electrical_Energy EV Storagg
Battery
Hectric Utility AC_Elactrical_Energy
Ppwer System
Coupling_Proximity_Detect EV Mobilit
Mgmt. Systemn
- Electric Vehicle
LMS_Limits
Man:oaedment — Energy Transfer
s s%em, ETS_Status System
4 (EV-ETS)
DC_Electrical_Energy Other On-Bogrd
Vehicle Systems
Ifdoor Charge Vent_Request i .
Sfle Ventilation S ‘.
System* ... Yent Confirmed “‘ .. \serimput
ETS_Status BV User
m | Allocated to FG#m *Optional aa-aen Control Flow Data Flow

FIGURE 5 - ELECTRIC VEHICLE ENERGY TRANSFER SYSTEM FUNCTIONAL CONTEXT DIAGRAM

The physical form of the external interfaces of ETS are not defined in this document. Their form will differ based on
specific EV or EVSE physical designs.

5.1.1 Electric Utility Power System (Utility)

The Electric Utility Power System is responsible to provide common AC electrical energy. It is supplied via a branch
circuit that is protected as required by national and local building codes for use with Electric Vehicles. The exact form of
the AC electrical energy (i.e., voltage, frequency, etc.) is not of specific interest to the operation of the ETS. However, the
ETS requires knowledge of the current rating of its branch circuit.
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5.1.2  Electric Utility/Local Load Management System (LMS)
The Electric Utility/Local Load Management System (LMS) is an optional system that is responsible to manage the
maximum load of the ETS on the Utility or the branch circuit.

An LMS will be located off-board the EV, because it is specific to the Utility or branch circuit. Therefore, LMS information
will be brought into and out of ETS by way of the EVSE. It will then be communicated to the EV if necessary. EVSE may
be designed with no accommodation for a connection to a LMS. When a connection is supported, the manufacturer of the
EVSE shall define the physical characteristics of the connection to conform to the functional requirements defined in this

document.

Some manufactur
example, a “time o
incorporated into a
scope.

When present, the
limit may be ignore
provide load status

5.1.3 Indoor Cha

brs of EVSE may choose to physically include LMS functions within their phys',cal designs.
f day” function that would allow the EVSE to transfer power only during off-peak*rale periods could be

specific EVSE design. However, this function would still be considered as outside tf

LMS may establish preferred and mandated load limits that the ETS will not exceed.

d if the EV User takes action to do so. A mandated load limit may’not’be ignored.
information back to the LMS. A single LMS may interact with multiple ETS installati

irge Site Ventilation System (VS)

The Indoor Charg

ventilation for an gnclosed (indoor) site where an EV is being charged. This system is optional bec

model may be list

A VS will be locatef off-board the EV, because it is specific to the charging site location. Therefore, VS
brought into and out of ETS by way of the EVSE. It will then"be communicated to the EV if necess

designed with no
EVSE shall define
document.

When present, the
Confirmation shou
energized. If VS ¢

then energy transfér will not take place™\See NEC®, Article 625 for further information.

5.1.4 EV Storag

The EV Storage Battery is an electrochemical energy storage device that is responsible to provide DC

operate an EV trag
Batteries will vary

Site Ventilation System (VS) is an optional system&that is responsible to provide

not to require it, per the National Electric Code (NEC®, NFPA-70-1996), Article 62

ccommodation for a connection to a ¥S. When a connection is supported, the
the physical characteristics of the connection to conform to the functional requirem

VS may be required to ,operate, and to confirm its operation, prior to and durin
d be to detect that the eleetrical circuit which provides power directly to the ventila
peration is required and no VS is connected to the ETS, or confirmation of operati

b Battery

tion system and other vehicular systems. It shall be expected that the charging volt3
rom-100 to 500 V with charging currents up to 400 A DC. The EV Storage Battery

For

e ETS'’s functional

A preferred load
Also, the ETS will
bNS.

a specific level of
huse a specific EV
b.

information will be
ry. EVSE may be
anufacturer of the
bnts defined in this

g energy transfer.
tion device (fan) is
pn is not received,

blectrical energy to
ges of EV Storage
is replenished, or

charged, when a v

pltage greater than the device’s open circuit voltage is applied to it.

5.1.5

EV Mobility Management System (MMS)

The EV Mobility Management System (MMS) is the system or systems that is responsible to control the motion of the
vehicle. This includes the propulsion, braking, and parking lock functions. In order to prevent damage to the coupling
between the EVSE and EV, it is important that the vehicle be immobilized when a partial or full connection exists.

It shall be expected that the MMS will prevent the EV from moving relative to the EVSE when a connection between the
two has been indicated by the ETS. This may be accomplished by whatever means the vehicle manufacturer determines
is appropriate. When making the decision to immobilize the vehicle due to a connection, other factors should be
considered. For example, if the vehicle is moving at 50 km/h and a connection becomes indicated, then it may be
inappropriate to take an immobilizing action.
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5.1.6  Other On-Board Vehicle Systems

Other On-Board Vehicle Systems includes other electrical loads on the vehicle that operate from the same DC electrical
energy that is used to charge the EV Storage Battery. These loads may operate during energy transfer and are typically,
but not limited to, HVAC and EV Storage Battery thermal management systems. It shall be expected that these loads
may require a total of up to 5.0 kW of electrical power, and that any single load up to 3.0 kW may be switched on or off at
any time.

The stated expectations are not intended to limit the electrical power used by other vehicle systems. However, these
values were used during analysis to help define power stage overlap and power stage range values (see 6.3.1.2) that will

prevent the switching of loads from exceeding the limits of a power stage.

5.1.7 EV User
The EV User reprg
operation of the s
operator.

The EV User may
Therefore, EV Usdg
communicated to t

The physical form
information is not i
that is actually pre
and EVSE physical

5.2 Functional C

The EV ETSistof

including accommodation for an external VS.

1. Switch and co
transfer.

2. Determine tha:

3. Control the am

external LMS.

Each of the three
ETS will be descril

sents the human operator of the ETS. It serves as a source of certain information
stem. It is also the destination for system status information that may be prese

be located either off-board an EV while making a connection to EVSE, or on-board

r information will be brought into and out of the ETS by way-of,the EV and the EV
e other location if necessary.

of this interface will likely consist of operator input selectors and displays. The ava
htended to require an EV or EVSE to make the information available to the operatg
bented to the operator, and the method with whichiit is presented, will likely be differ
designs. Therefore, this interface can be considered to be optional.

ontent

rovide the following three major functions as shown in Figure 6.

hvert AC electrical energy intotBC electrical energy, including accommodation for

the system is ready._to, properly transfer electrical energy from the Utility to the E

ount and rate.of\transfer of electrical energy to the EV Storage Battery, including acg

majorfunctions will be decomposed into smaller portions. The data flows betweel
ed to-the level necessary to insure interoperability of an EV and EVSE of similar arc

that may alter the
nted to the human

n the driver’s seat.
SE. It can then be

lability of EV User
r. The information
ent for different EV

voltage controlled

v Storage Battery,

ommodation for an

h these portions of
hitecture.

The functions that could be included as a part of ETS are unlimited. The three previous functions are considered to be
the minimum necessary to support the early development of an EV energy transfer infrastructure. As the EV marketplace
continues to develop, additional functions will need to be added. Future additions have been considered as architecture
decisions were made so that the additions can be made without making existing equipment obsolete.
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FIGURE 6 - 0.0: ELECTRIC VEHICLE ENERGY TRANSFER SYSTEM DFD

5.3 Functional Constraints

The ETS is based on the constraint that the EV must be in control of the energy transfer process. This is to say that the
EV must control the voltage and current that is presented to the EV Storage Battery and to the Other On-board Vehicle
Systems. Consider that the following items will be different for different EVs and that they will continue to evolve as EV

designs mature:
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a. Storage Battery’s voltage and current requirements
b. Storage Battery-voltage distribution bus architecture

Since a Storage Battery is specific to an EV, it follows that the EV should control the process based on whatever
parameters it sees fit.

The durability of the EV Storage battery must also be considered. The durability is a strong function of how it is charged.
Therefore, it is important for vehicle manufacturers to control how the Storage Battery is treated in order to insure

customer satisfaction and control warranty costs.

5.4 Physical Content

An ETS, regardle
There is no requi
allocated to the EV

5.5 Physical Cor

55.1 EVSE-EV
The ETS is based
been developed i
requirements of ET
55.2 EVSE-EV

SAE J1772 and S
EV and EVSE. Th

usage of this network for the ETS application shall be conhsidered “normal vehicle operation messages”

J1850, even thoug

55.3 TypeAan
The coupling meth
provides for the de
data items EVSE_
first indicate that E

554 Type BEV

of architecture (Type A, B, or C), will be implemented in two parts: an EV. . and an off-board EVSE.

ement for a specific physical design within an EV or EVSE. EV designs may
to existing physical components within the EV.

straints

Connection

on the physical coupling methods described in SAE J¥/772 and SAE J1773. Thes
h parallel with this one to insure that these methods are capable of suppor
S.

Communication

\E J1773 define an SAE J1850-compatible channel to provide a communication ng
is network is optional for a Type A systém and shall be required for Type B and Ty(

N communication to an off-board ‘device is required.
| Type C EVSE - EV Connection Detection

od described in SAE. J1772, in conjunction with the electrical requirements of the
fection of an EVSE(-'EV connection by both the EV and EVSE. This is accomplishe
Ready and Vehicle) Ready on this circuit. In order for the EV to detect a connectig

VSE_Ready is \READY”. See SAE J1772.

SE - EV-Connection Detection

The coupling met
connection by the

od ‘described in SAE J1773 provides a dedicated switch for the direct detection

listribute functions

e documents have
ing the functional

twork between the
e C systems. The
as defined by SAE

Lontrol Pilot circuit,
d by transfer of the
n, the EVSE must

of an EVSE - EV

V.)However, the EVSE can only detect a connection by monitoring the SAE J1850

channel for activity

from the EV. For a Type B architecture, the EV shall conduct some valid communication to the EVSE within 2.0 s of the
coupler becoming fully seated in the inlet.

The connection detection problem is further complicated by a utility power outage and recovery situation while a Type B
EVSE and EV are connected. If the outage is for anything but a short period, then the EV will likely go into a low-power
stand-by (sleep) mode. When power recovers, the EV will remain inactive until some activity is present on the SAE J1850
channel. For a Type B architecture, the EVSE shall conduct some valid communication to the EV within 2.0 s of recovery
from a utility power outage while the coupler is in the inlet.

It may not be cost effective for the EVSE to detect when the coupler is in the inlet while the vehicle is in stand-by, or to tell
the difference between utility recovery and a typical “off” or “stand-by” to “on” transition. Therefore, the best solution may
be to conduct some valid communication to wake the EV whenever the EVSE enters an “on” or operational state where
energy transfer could occur.
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5.5.5 Network Communication Delay

SAE J1850 defines a Carrier Sense Multiple Access (CSMA) network with nondestructive contention resolution. This
implies that access to the network (sending data) must be controlled in order to insure that all communication will be
accomplished. The minimum interval between consecutive transmissions of any individual data/message for this
application shall be 100 ms. All messaging shall be defined with this as a requirement. The maximum allowable latency
for any communication required for normal operation shall be 2.5 times the expected time.

5.5.6 EV Readiness to Communicate

SAE J1850 defines that nodes on a network may support a low-power standby (sleep) mode of operation where the node
is capable of dete¢ting network signal transitions for the purpose of returning to normal operation (wake-up). This is of
particular interest when the power to operate a node is supplied by a battery, such as on an electric arinotor vehicle. The
EVSE and EV mupt always be able to communicate in order to support certain functions. Thereforg¢, while connected
together, the EV gnd EVSE shall maintain normal operation, or return to normal operation\upon degtection of network
activity. See SAE §1850.

6. FUNCTIONAL|SYSTEM REQUIREMENTS

The following are the functional requirements for the ETS. These describe what the system is suppoged to do, within its
defined environmgnt. They do not define how these requirements are to be.accomplished. Thesg requirements are
independent of any particular technology or system architecture.

A simplified form pf functional decomposition will be used as a method to describe the requiremepts of the system.
Requirements will be captured as related elements which have inputsrand outputs that may represent ipformation, energy,
or matter. Each glement transforms its inputs into outputs, thus capturing the requirements as a mqdel of the system.
Large, complex elements (parents) are broken down into aCnumber of smaller, simpler elements |(children). These
elements are conngcted by flows that represent the information;, energy or matter that passes between them. For detailed
information on thig method of system specification refercto’ Strategies for Real-Time System Specifigation, by Derek J.
Hatley and Imtiaz A. Pirbhai (Dorset House Publishing)

The processes thdt describe ETS are shown in Figure 6. Each process will be decomposed to a leyel where it can be
easily described. Also, an elementary process:must be able to be totally realizable within an EV or EVMSE for any of the
three system archifectures. This allocation willbe shown in Section 7, by way of an intermediate architg¢cture that consists
of four functional droups. These groups‘will then be combined in three different ways that will represent the Type A, B,
and C architectures.

6.1 Switch and Gonvert Electrical Energy

The purpose of this process.is to convert AC electrical energy into DC electrical energy. It is decomposed as shown in
Figure 7.

The process will dgseribe each step of conversion as AC is transformed into DC. It also includes switching elements to
insure that conductivé connections for conductive architectures will make and break connection without electrical potential
across the power contacts of the connection. See SAE J1772.

All portions of this process are active (producing output flows) whenever the total process is active. There is no explicit
process activation control. However, for a process to provide an output flow, all inputs necessary to determine that flow
must be available (data triggering).

6.1.1 Detect AC Present

The purpose of this process is to determine if the characteristics of AC_Electrical_Energy from the Electric Utility Power
System are such that the ETS will operate properly.

The exact characteristics that should be considered when determining if AC_Electrical_Energy is appropriate for proper
operation will vary as a function of a specific EVSE design and ETS architecture. Therefore, it is only practical to define
general characteristics of AC_Electrical_Energy that can apply to any design or architecture.
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A

AC_FElectrical_Energy

C_Electrical_Energy

Transter_Ready

Sthge Power_Range

Max_|

Power_Level_Mandate

Power_Level

|
i

Pulse_Period

Voltage_Level

DGC_Sw_Raquest

Sw_AC_Eleqtrical_Energy

Convert AC To DC

Conv_DC-Elegtfical_Energy

Swh
DC

AC_Present

........................ >

Canversion_Lcad*

N

Stage_Power_Limited

Sw_DC_Electrical_Energy

Power_Out_Of_Range

Detect
Switched DC

Prasent

DC_Electrical_Energy

DC_Electrical_Energy f

Allocated to FG#m

* Qptional

DC_Present

........................ >

Control Flow Data Flow

FIGURE 7 - 1.0: SWITCH AND CONVERT ELECTRICAL ENERGY DFD
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6.1.1.1  Input/Output Flows
See Table 1.

TABLE 1 - DETECT AC PRESENT -
INPUT/OUTPUT FLOWS

Flow Name Type

AC_Electrical_Energy Input
AC Present Qutput

6.1.1.2 Initialization

The following shall|be performed once upon activation of this process:
AC_Present shall he assigned a value of “FALSE”.

6.1.1.3 Operatign
The following shalllbe performed continually while this process is active:

AC_Present shall |be assigned a value of “TRUE” if the characteristics of AC_Electrical Energy [are such that the
equipment to whiclh this process is allocated shall operate properly, otherwise, it shall be assigned a value of “FALSE”.

6.1.2  Switch AC|On/Off
The purpose of thi process is to provide on/off switching-of AC_Electrical Energy. The quality of the [switch mechanism
must be approprigte so that the equipment to whictivthis process is allocated will operate properly. The exact
characteristics thaf should be considered will vary~as a function of a specific EVSE design and|ETS architecture.
Therefore, it is only practical to define general characteristics that can apply to any design or architectute.
6.1.2.1  Input/Output Flows
See Table 2.

TABLE 2 - SWITCH AC ON/OFF -
INPUT/OUTPUT FLOWS

Flow Name Type
AC_Electrical_Energy Input
AC_SW_Request mpat

Sw_AC_Electrical_Energy Output

6.1.2.2 Initialization

The following shall be performed once upon activation of this process: None.
6.1.2.3  Operation

The following shall be performed continually while this process is active:

a. If the value of AC_Sw_Request is “CLOSED”, then an electrical circuit between Sw_AC_Electrical Energy and
AC_Electrical_Energy shall be closed and stable within 750 ms.
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b. If the value of AC_Sw_Request is not “CLOSED”, then an electrical circuit between Sw_AC_Electrical _Energy and
AC_Electrical_Energy shall be opened and stable within 250 ms.

6.1.3 Convert ACto DC

The purpose of this process is to convert AC electrical energy in to DC electrical energy at a controlled level. Energy
conversion will be limited to meet LMS and branch circuit load restrictions. The process is decomposed as shown in
Figure 8.

This process accommodates the idea of distinct conversion power stages. It is expected that most equipment which
offers a broad range of power conversion will do so in multiple stages with overlapping power ranges. However, it is
acceptable to havd a single stage. See 6.3.1.

Explicit activation gf portions of this process shall be controlled as described in:
Table 3—1.3-s1: Qonversion Mode PAT

Table 4—1.3-s2: Rulse Mode PAT

Table 5—1.3-s3: Yoltage Mode PAT

However, for a progess to produce an output flow, all input flows necessary to determine that flow mus{ be available (data
triggered).

TABLE 3 -1.3-S1: CONVERSIONMODDE PAT

1.3.1 1.3.2 1.3.6
Transfer_Ready Determine Conversion Load - Convert AC to AC Convert AC to DC
“FALSE” Disable Disable Disable
“TRUE” Activate Activate Activate

TABLEAE1.3-S2: PULSE MODE PAT

1.3.3 1.34
Pulse_Maode. Enable Pass AC Power Modulate AC Power
“FALSE” Activate Disable
“TRUE” Disable Activate

TABLE 5-1.3-S3: VOLTAGE MODE PAT

135
Control
Voltage_Mode_Enable DC Voltage
“FALSE” Disable

“TRUE” Activate
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Determine
Conversion
Load

Conversion_Load*

Sw_AC_Electrical_Energy

Stage_Index

Max_Power_Level Mandate

r 4
J Convert \ Stage_Power_Limited | /|

i v W AC To AC

Power_Level 2

Conv_AC_Eleefrical_Energy Conv_AGChElestfical _Energy

Pulse_Hi_Period

Pass AC Puise_Lo. Period Modulate
Power AC Power
3 *
2 = 2

Mod_AC_Elec Energy Mod_AGC_Elecirical_Energy

Stage Power_Limited

Control Convert
Max_Stage_Power \7 DC ....Power Qut Of Range AC To DC
Min_Stage_Power 1 Voltage Power
Valtage_Level \ » 5

Conv_DC_Electrical_Energy .
-

Conv_DC_Electrical_Energy

| Pulse_Mode_Enable
Transfer_Ready B e R Voltage_Mode_Enable |

sl E SQE 3

Allccated to FG#m *QOptional 0 ------ Control Fiow

Data Flow

FIGURE 8 - 1.3: CONVERT AC TO DC DFD
6.1.3.1 Determine Conversion Load (Optional)

The purpose of this process is to determine the average current that is being drawn from the Utility to supply the ETS.
This information is used by the optional LMS.
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6.1.3.1.1

See Table 6.

Input/Output Flows

TABLE 6 - DETERMINE CONVERSION LOAD -
INPUT/OUTPUT FLOWS

Flow Name Type

Output

Conversion_Load

6.1.3.1.2 Initializ
The following shall
6.1.3.1.3 Opera

The following shall

with a first order lag time constant of 10 s. Conversion_Load shall have an~accuracy of £10% or £

a. Conversion_Lg
greater, with r¢g
b. Conversion_Lg
increases (dec|
6.1.3.2 Convert

The purpose of thi
a controlled level.
self-protection pow

If this process is n(

The exact charact
based on a manuf

The exact AC cont
coupling. See SAE

6.1.3.2.1 Input/C

ation

be performed once upon activation of this process: None.

ion

be performed continually while this process is active:

ad shall be assigned a value that represents the filtered average current of Sw_AC
spect to the actual current of Sw_AC_Electrical_Energy

ad shall increase (decrease) or remain the same @as¢the average current of Sw_AC
feases).

AC-to-AC
b process is to provide the conversion af,Sw_AC_Electrical_Energy into Conv_AC_E
It is expected that most equipment will have limits imposed at times to prevent dam§g
er limitations are considered to be'proper operation, and may be total or partial.

t active then no energy transfer is allowed, the same as for a Power_Level of zero.

ristics that should be &onsidered when determining the self-protection limits of the ¢
cturers’ specific converter design. Therefore, no converter-specific flows are shown

bnt of Conv_AC\Electrical_Energy is of particular interest for a Type B architecture @
F J1773 for detalls.

Dutput Flows

| Electrical_Energy
P.0 A, whichever is

| Electrical_Energy

lectrical_Energy at
ge to itself. These

equipment will vary
into this process.

ue to the inductive

See Table 7.

TABLE 7 - CONVERT AC-TO-AC -
INPUT/OUTPUT FLOWS

Flow Name Type
Max_Power_Level_Mandate Input
Stage_Index Input
Sw_AC_Electrical_Energy Input
Power_Level Input/Output
Conv_AC_Electrical_Energy Output
Stage Power_Limited Output
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6.1.3.2.2 Initialization

The following shall be performed once upon activation of this process:

Power_Level shall be assigned the value of 0 W.

6.1.3.2.3  Operation

The following shall be performed continually while this process is active.

6.1.3.2.3.1

Power Level

Power_Level shalll be assigned the value of Max_Power_Level Mandate, if the value of Power. L&
Max_Power_Level| Mandate, otherwise, no value shall be assigned.

6.1.3.2.3.2

The power of Cony_AC_Electrical_Energy is a function of the value of Power_Level and” Stage_Index.

Conyerted AC Electrical Energy

and limitations of the present power stage, indicated by Stage_Index, are identified(in,6.3.1.2.

The following shall apply for values of Stage Index from 1 to MaxcStage_ Index,

Conv_AC_Electrical Energy shall be within the “Zero Power Operating Zéne”, as shown in Figure 9,
Stage_Index, regafdless of the value of Power_Level.

Max_Stage_Power,
+10% of
Max_Stage_Power

Average Steady
State Power of
Conv_AC_
Electrical_Energy
(Watts)

Min_Stage_Powe
+10% of
Min_Stage_Power

0 (zero) Watts

-25 Watts

Note: Not to scale.

il
R

inclusive.

el is greater than

The capabilities

The power of
for other values of

a ///////////////// 77 /4///4//////
.
Min_Stage_Power /////// /’/,,///////

Value of Power_Level (Watts)

FIGURE 9 - AC-TO-AC CONVERSION STEADY-STATE RESPONSE

Max_Stage_Power
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a. Average Steady-State Power—The average steady-state power of Conv_AC_Electrical Energy, as shown in
Figure 9, shall be such that:

1. The power shall be within the “Steady-State Operating Zone” for any constant value of Power_Level greater than
or equal to Min_Stage Power and less than or equal to Max_Stage Power.

2. The power shall be within the “Limited Operating Zone” for any constant value of Power_Level greater than or
equal to Min_Stage Power and less than or equal to Max_Stage Power, if power within the “Steady-State
Operating Zone” can not be achieved because the stage has a self-protection power limitation in effect.

3. The power shall be within the “Minimum Power Operating Zone” or the “Zero Power Operating Zone” for any
constant vialue of Power_Level less than Min_Stage Power and greater than 0 (zero). he power shall not
alternate between zones once it has entered the “Zero Power Operating Zone”.

4. The powel shall increase at a rate of less than 1500 W/s while within the “Limited Operating Zpne” for a constant
value of Power_Level as a self-protection power limit is relaxed.

5. The power shall be within the “Zero Power Operating Zone” for a constant value)of Power_Levgl of 0 (zero).
The average ppwer at any time shall be the average of the power for the succeeding 5.0 s.

b. Steady-State RPower Stability—The power of Conv_AC_Electrical Enetgy, as shown in Figure 10,|shall be stable for
any constant vplue of Power_Level such that:

Note: Not to'scale.

2.5% of Average Steady State Power

Greater of 35 Watts or
+0.25% of
Average| Steady State Power

Present Malue Of

Power| Level
Averagel Steady State Power

Value of
Power of Power_Level

Conv_AC_ (Watts)
Elegtrical_Energy el EEEE -

(Watts)

K. Previous|Value Of

Power| Level

Time

Time at which a new value of
Power_Level is received.

FIGURE 10 - AC-TO-AC CONVERSION TRANSIENT RESPONSE
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1. The instantaneous power shall remain within the greater of 35 W or £0.25% of average steady-state power,
centered on the average steady-state power.

2. The average steady-state power shall vary less than 100 W/s.
c. Time To Steady-State—The power level of Conv_AC_Electrical Energy, as shown in Figure 10, shall be stable in
time Ts for the indicated change in Power_Level, as described in Table 8. Ts shall begin when a new value of

Power_Level is received.

TABLE 8 - TIME TO STEADY-STATE

Present Value of
Present Value

Power_Level is

Present Value, 6f\Pq

wer_Level is

Previous Value of Power_Level Less Than the Previous Greater Than the Previous
of Power_Lejel is O (zero) Value of Power_Level Value.of Power_Level
0 (zero) n/a n/a Ts< [ARower Level |( '\/atts)+1_5(s)
2,000 (W/s
> 0 (zero) Ts<0.10 (s) Ts < APower_Level|(Watts) Ts < [APower_Levgl|(Watts)
10, 000 (W/s) 2,000 (W/s)

d. Time To First

ero Error—The power level of Conv_AC_Electrical_Energy, as shown in Figure 1

D, may exceed the

eventual avergge steady-state power in time To. There shall be ne(requirement for the period of time To.

e. Time To Maximum Overshoot/Undershoot—The power level 6f*Conv_AC_Electrical Energy, as s
power in time Tp. There shall be no requirement for the period of time Tp.

will reach peak

f.  Maximum Ovdrshoot/Undershoot—The power level .off'Conv_AC_Electrical Energy, as shown i

respond to a ppsitive-going (negative-going) step in Power_Level such that:

1. The powe
average.

2. The powershall increase (decrease). monotonically until it reaches its maximum (minimum) leve

3. The powel
time Ts.

g. Maximum Relative Power® Step—The value of AP shall be as defined in Table 9, based
Max_Conversipn_Powerand Min_Stage Power for the present Stage_Index.

The average

increase (decrease) T Power_tevelgreater tharmorequat to AP

shall not deviate from the eventual average steady-state power by more (less)

shall deviate from the eventual average steady-state power by successfully smallg

power of Conv_AC_Electrical_Energy shall increase (decrease) by an amount lg

hown in Figure 10,

n Figure 10, shall

than 2.5% of the

| at time Tp.

r amounts through

on the value of

ss than twice any

TABLE 9 - MINIMUM CONVERSION POWER AND MAXIMUM STAGE POWER STEP

Maximum Stage Power Step (AP) Maximum Stage Power Step (AP)
When Min_Stage Power

When Min_Stage Power

Max_Conversion_Power Min_Conversion_Power <3.0 kW >3.0 kW
> 10.0 kW <3.0 kW 35WwW 400 W
>1.5kw, <10.0 kW <180 W 35w 400 W
<1.5 kW <Max_Conversion_Power 1.5 kw n/a
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h. Maximum Absolute Power Step—The value of AP shall be as defined in Table 9, based on the value of
Max_Conversion_Power and Min_Stage_Power for the present Stage_Index.
The average power of Conv_AC_Electrical_Energy shall remain constant or increase (decrease) by an amount less
than or equal to AP for any increase (decrease) in Power_Level less than AP.

i. AC Content—The AC content of Conv_AC_Electrical_Energy shall be as required by SAE J1773.

6.1.3.2.3.3  Stage Power Limited

Stage Power Limited shall _be assigned a value of “TRUE” if the average steady-state power of

Conv_AC_Electrical_Energy is within the “Limited Operating Zone”, as shown in Figure 9, otherwise; i

the value of “FALS
6.1.3.3 Pass ACQ

The purpose of thig

6.1.3.3.1  Input/C
See Table 10.
6.1.3.3.2 Initializ

The following shall
6.1.3.3.3 Opera
The following shall

The voltage, currg

=
Power
process is to provide no modulation of the converted AC power.

Dutput Flows

TABLE 10 - PASS AC POWER -
INPUT/OUTPUT FLRQWAS

Flow Name Type
Conv_AC_Electrical\ Energy Input
Mod_AC_Electrical _Energy Output
ation

be performed once upon activation of this process: None.
ion
be performed ¢ontinually while this process is active:

nt, and AC)content of Mod_AC_Electrical Energy shall be the same as the voltg

Conv_AC_Electrical_Energy:

6.1.3.4

[ shall be assigned

ige and current of

Modulattf AE'Power (Optional)

The purpose of this process is to provide on/off modulation of converted AC power, where the on and off periods can be

controlled.

6.1.34.1

See Table 11.

Input/Output Flows
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TABLE 11 - MODULATE AC POWER -
INPUT/OUTPUT FLOWS

Flow Name Type
Conv_AC_Electrical_Energy Input
Pulse_Hi_Period Input
Pulse_Lo_Period Input
Mod_AC_Electrical_Energy Output
6.1.3.4.2 Initialijation

The following shall

6.1.3.4.3

The following shall

Opera

be performed o

ion

nce upon activation of this process: None.

be performed continually while this process is active:

6.1.3.4.3.1  On/Qff Modulation
The power level of Mod_AC_Electrical_Energy shall alternate between two levels, PO and P1, as shhown in Figure 11,
such that:
. P1Phase & POPhase
i Pulse_Hi_Period : Pulse_Lo_Period :
LT LT
e .
i b — erne e AN ] —— o e ree s e e e s g L Power
Electrical Energy | (v @ /N i L
: Level
(Watts) 90 % of P1 10 % of P1
- Power Level Power Level
PO
............................................................. Power
Level
Time
FIGURE 11 - AC-TO-AC CONVERSION PULSE MODE TIMING
a. The PO power level shall be greater than or equal to 0 W and less than 25 W.
b. The duration of the PO power level shall be Pulse_Lo_Period. It shall range from 5 to 10 000 ms.
c. The P1 power level shall be the same as the power of Conv_AC_Electrical_Power.
d. The duration of the P1 power level shall be Pulse_Hi_Period. It shall range from 200 to 10 000 ms.
e. If the value of Pulse_Hi_Period or Pulse_Lo_Period is not within the ranges specified, then the PO and P1 power

levels shall both be the same as Conv_AC_Electrical_Energy.
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6.1.3.4.3.2

Power Level Transition Time

The power level of Mod_AC_Electrical_Energy shall rise from 10% of P1 to 90% to P1 in the period Tr. Tr shall be less

than 100 ms.

The power level of Mod_AC_Electrical_Energy shall fall from 90% of P1 to 10% of P1 in the period Tf. Tf shall be less

than 5 ms.

6.1.3.4.3.3

Pulse Enable Time

The power level of Mod AC Electrical Energy shall transition into the PO power level for the first time within 500 ms after

this process beconpes active.

6.1.3.5 Control I
The purpose of thi
voltage level. Th¢
Vehicle System ag
voltage control res
process is active.

It is expected that]
energy transfer to
deliver lower powe
additional restrictio

This process is
(Max_Power_Leve

DC Voltage (Optional)

5 process is to provide closed-loop control of the AC-to-AC conversion in arder to a
e power level of the conversion will be controlled into the EV Storage Battery an

the load (see 5.1). The exact control method will not be specified,/except to deg
ponse. The target voltage, indicated by the value of Voltage_Lgvel, can not chan

some battery management strategies will require that_the DC circuit to the batte
the EV be continued to support the other loads. High power conversion stages 1
r levels, requiring that a lower power stage be selected. In order to support thig
ns are placed on Min_Conversion_Power (see 6.1,3.5.3.2).

However,

not limited by recommended LMS Ilimits™~(Max_Power_Level). req

_Mandate) will be applied by other down:stream processes.

chieve a target DC
d Other On-Board
scribe the desired
e value while this

ry be opened and
nay not be able to
optional function,

juired LMS limits

6.1.3.5.1  Input/Qutput Flows
See Table 12.
TABLE2 - CONVERT AC-TO-DC VOLTAGE
INPUT/OUTPUT FLOWS
Flow Name Type

Min_Stage_Power Input
Max_Stage_Power Input
Stage_Power_Limited Input
Voltage_Level Input
Conv_DC_Electrical_Energy Input
Power_Level Output
Power_Out-Of-Range Output
Pulse_Mode_ Enable Output

6.1.3.5.2 Initialization

The following shall
6.1.3.5.3

The following shall

be performed once upon activation of this process: None.

Operation

be performed continually while this process is active:
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6.1.3.5.3.1 Pulse_Mode_ Enable

Pulse_Mode_Enable shall be assigned a value of “FALSE”.

6.1.3.5.3.2 Power_Level

The voltage of Conv_DC_Electrical_Energy is a function of its power and the load it drives. A change in the load will

result in a change in the voltage given constant power. Power_Level shall be assigned a value such that the voltage of
Conv_DC_Electrical_Energy shall provide the following voltage response as shown in Figure 12.

Note: Example of increasing load >3.0 kW. Not to scale.

Average Steady State
oltage: Within +2.5% of
Voltage_Level

Mgx Overshoct/Undershoot:
Within £2.5% of
Avegrage Steady State Voltage

e SRR .. 5500 VOItS Dd

Stpble, Steady State Voltage | |\ -
+0.25% of ‘
Average Steady State Voltage

s

Present Value Q
Voltage_Level

Average Steady State Voltage

Value of
Voltage of - Voltage Level
Conv_DC_ (Volts)
Electrical_Energy —_———— - -
(Volts)

—

Time

Tir® at which the load of
Comv,DC_Electrical_Energy
has changed.

FIGURE 12 - AC-TO-DC VOLTAGE CONVERSION RESPONSE

a. Minimum Conversion Power—The power of Conv_DC_Electrical_Energy shall be able to be as low as 180% W +
10% W. See 6.3.1.7.2.3.

b. Average Steady-State Voltage—The average steady-state voltage of Conv_DC_Electrical Energy into a constant
load shall be such that:

1. The average voltage shall be within +2.5% of the present value of Voltage_Level
2. The average voltage shall vary by less than 0.20 V/s
3. The average voltage shall not exceed 512.5 V

The average voltage at any time shall be the average of the instantaneous voltage for the succeeding 5.0 s.
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+0.25% of the average steady-state voltage while stable. This defines a stable voltage condition.

change of 3.0 kW or less in the load of Conv_DC_Electrical_Energy:

1. The instantaneous voltage shall be stable in 5.0 ms or less (Ts).

Steady-State Voltage Stability—The voltage of Conv_DC_Electrical_Energy into a constant load shall be within

Maximum Load Step—The instantaneous voltage of Conv_DC_Electrical Energy shall respond as follows to a step

2. The instantaneous voltage shall overshoot/undershoot the average steady-state voltage by £2.5% or less.

C.
d.
e.
any change in
f.  Maximum Loa
average stea
Conv_DC_Ele¢
g. Minimum Volts
(decrease) by
6.1.3.5.3.3 Pow

Power_Out_Of Rg
voltage control is
Min_Stage_Power

Stage_Power_Lim

6.1.3.6  Convert
The purpose of th
residual AC conter
average current m
the EV Storage Ba|

The exact AC co
particular interest f

d Rate Of Change—The voltage of Conv_DC_Electrical_Energy shall remain wi
Jy-state voltage

oad of Conv_DC_Electrical_Energy.

in response to a rate of change of 100 W/ms\or less

trical_Energy:

ge Step—The average voltage level of Conv_DC_Electrical_Energy)shall remain cq
hn amount of from 1.0 to 2.0 V, for an increase (decrease) in Voltage_Level of 2.0 V.

er Out of Range

nge shall be assigned a value of “HI” (“LO”) if the value of Power_Level required
greater (less) than the active power stage can<supply, as defined by Max |
Otherwise, Power_Out_Of Range shall not be.assigned a value by this process.
ted may be considered in the determination0f Power_Out_Of Range by this proces
AC to DC Power

s process is to provide open-loop-conversion of AC electrical energy into DC elec
t of the DC electrical energy is'constrained in order that a current measurement sys
Ay be designed. This charagcteristic is also needed to be able to limit the amount of

ftery due to the AC content:

htent of Mod_AC (Electrical Energy and the nominal voltage of Conv_DC_Elect
br a Type B architecture due to the inductive coupling. See SAE J1773 for details.

Maximum Transient Voltage—The voltage of Conv DC Electrical Energy shall not exceed 550.0 V in response to

thin £2.5% of the
in the load of

nstant or increase

by the closed-loop
Stage_Power and

o7

trical energy. The
tem that measures
excess heating of

rical_Energy is of

6.1.3.6.1  Input/Qutput Flows
See Table 13.
TABLE 13 - CONVERT AC-TO-DC POWER
INPUT/OUTPUT FLOWS
Flow Name Type

Mod_AC_Electrical_Energy Input

Conv_DC _Electrical_Energy Output
6.1.3.6.2 Initialization

The following shall
6.1.3.6.3

The following shall

be performed once upon activation of this process: None.

Operation

be performed continually while this process is active:
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6.1.3.6.3.1  Output Power Level

The power level of Conv_DC_Electrical_Energy shall be within £1.0% of the power level of Mod_AC_Electrical_Energy
minus a constant offset.

The power level of Conv_DC_Electrical Energy shall stay the same or increase (decrease) as the power level of
Mod_AC_Electrical_Energy stays the same or increases (decreases).
6.1.3.6.3.2 AC Content

The AC content of Conv DC Electrical Energy shall be such that the ratio of the root-mean-squared (rms) power to the
average power shall not exceed the value in Table 14, as a function of the average power of Mod_AC | Electrical_Energy.

This shall only app

The total power co
total power.

6.1.4 Switch DC

The purpose of th

energized circuits across the coupling for a Type C system. There may be additional switching of high

between the EV St
direct role in ETS.

The quality of the
operate properly.

ETS architecture.
architecture.

y for the P1 power phase when pulse mode of operation is enabled. See 6.1.3.4.

htent of Conv_DC_Electrical_Energy for all frequencies from 1.0 to 40 Hz-shall be le

TABLE 14 - MAXIMUM RATIO OF RMS TO AVERAGE ROWER

Average Power Level of
Mod_AC_Electrical_Energy (P)

Maximum Ratio of RMS+to”Average Power
of Conv_DC_Electrical_Energy

P<15kwW 1.60
1.5 kW < P < 10.0 kW 1.25
P >10.0 kW 1+ (2.50 KW / P kW)

On/Off
is process is to provide on/off switching of DC_Electrical Energy. This is need
orage Battery and other on-board vehicle systems. However, this additional switchi
switch mechanism must be appropriate so that the equipment to which this proce

The exact characteristics that should be considered will vary as a function of a speg
Therefore, it is~only practical to define general characteristics that can apply

ss than 0.5% of its

ed to present de-
voltage DC circuits
ng does not play a

Ss is allocated will
ific EV design and
to any design or

6.1.4.1 Input/Output Flows
See Table 15.
TABLE I5=—SWHTCHDC ONOFF
INPUT/OUTPUT FLOWS
Flow Name Type
Conv_DC_Electrical_Energy Input
DC_Sw_Request Input
DC_Electrical_Energy Input/Output
Sw_DC_Electrical_Energy Output
6.1.4.2 Initialization

The following shall

be performed once upon activation of this process: None.
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6.1.4.3 Operation
The following shall be performed continually while this process is active:
Conv_DC_Electrical_Energy and Sw_DC_Electrical_Energy shall be considered to be the same internal to this process.

If the value of DC_Sw Request is “CLOSED”, then an electrical circuit between DC_Electrical Energy and
Conv_DC_Electrical_Energy shall be closed and stable within 750 ms.

If the value of DC_Sw_Request is not “CLOSED”, then an electrical circuit between DC_Electrical Energy and
Conv_DC_Electrical Energy shall be opened and stable within 250 ms.

6.1.5 Detect DC|Present

The purpose of this process is to determine if the characteristics of DC_Electrical_Energy are appfopriate for proper
charging of the EV|storage battery.

The exact characferistics that should be considered when determining if DC_Electrical Energy is pcceptable for the
charging of the EV|storage battery will vary as a function of a specific EV Storage battery’s design and|construction. It is,
therefore, only practical to define general characteristics of DC_Electrical _Energy that can apply|to any design or
construction.
6.1.5.1 Input/Output Flows
See Table 16.

TABLE 16 - DETEQINNDC PRESENT
INPUT/OUTRUT FLOWS

Flow Name Type

DC_Electrical_Energy Input
DC, Present Output

6.1.5.2 Initialization
The following shalllbe performed ence upon activation of this process: None
6.1.5.3 Operatign

The following shalllbe petformed continually while this process is active:

DC_Present shall ‘be aooiyll\:d a—vatte—of “FRUE—ifthe—characteristics—of DECHectricalEnergy—are such that it is

acceptable to charge the EV Storage Battery, otherwise, it shall be assigned a value of “FALSE”.

6.1.6 Detect Switched AC Present

The purpose of this process is to determine if the characteristics of Sw_AC_Electrical_Energy are such that the ETS will
operate properly.

The exact characteristics that should be considered when determining if Sw_AC_Electrical_Energy is appropriate for
proper system operation will vary as a function of a specific system’s design and architecture. It is, therefore, only
practical to define general characteristics of Sw_AC_Electrical _Energy that can apply to any design or architecture.
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6.1.6.1 Input/Output Flows
See Table 17.
TABLE 17 - DETECT SWITCHED AC PRESENT
INPUT/OUTPUT FLOWS
Flow Name Type

Sw_AC_Electrical_Energy Input

Sw_AC Present Qutput
6.1.6.2 Initialization

The following shall
6.1.6.3 Operatio
The following shall

Sw_AC_Present s

equipment to which this process is allocated shall operate properly, otherwise, it shall be assigned a va

6.1.7 Detect Sw

The purpose of thi
operate properly.

its high-voltage capacitive elements that will be powered by-Sw_DC_Electrical_Energy.

be performed once upon activation of this process: None
n
be performed continually while this process is active:

nall be assigned a value of “TRUE” if the characteristics of Sw_AC_Electrical _Energ

tched DC Present

5 process is to determine if the characteristics”of Sw_DC_Electrical_Energy are sug
For a Type C (DC conductive) system this'may include the verification that the EVS

The exact charac

proper system opg¢ration will vary as a function of*a specific system’s design and architecture.

f

ristics that should be consideredywhen determining if Sw_DC_Electrical Energy
It

y are such that the
ue of “FALSE”.

h that the ETS will
E has pre-charged

is appropriate for
is, therefore, only

practical to define general characteristics of Sw.DC_Electrical_Energy that can apply to any design or architecture.

6.1.7.1  Input/Output Flows
See Table 18.
TABLE 18 - DETECT SWITCHED DC PRESENT
INPUT/OUTPUT FLOWS
Flow Name Type

Q\Al_nP_E|eG,t;'|Ga _Ennrgy |hp|lt

Sw_DC_Present Output
6.1.7.2 Initialization

The following shall
6.1.7.3

The following shall

be performed once upon activation of this process: None.

Operation

be performed continually while this process is active:

Sw_DC_Present shall be assigned a value of “TRUE” if the characteristics of Sw_DC_Electrical_Energy are such that the
equipment to which this process is allocated shall operate properly, otherwise, it shall be assigned a value of “FALSE”.
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6.2 Determine Ready to Transfer Electrical Energy

The purpose of this process is to determine if the ETS is ready to transfer electrical energy. It is decomposed as shown in
Figure 13, and contains logic functions that are detailed in the following tables:

Table 19—2-s1:
Table 20—2-s2:
Table 21—2-s3:
Table 22—2-s4:

Transfer Ready DT

AC Switch Request DT
Vent Request DT

DC Switch Request DT

All portions of this process are active (producing output flows) whenever the total process is active. There is no explicit
process activation(lcontrol. However, for a process to provide an output flow, all inputs necessary tg dletermine that flow

must be available

data triggering).
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Transfer_Ready
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FIGURE 13 - 2.0: DETERMINE READY TO TRANSFER ELECTRICAL ENERGY DFD
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TABLE 19 - 2-S1: TRANSFER READY DT

DC_Sw_Request Power_Out_Of Range

Sw_AC_Present = “CLOSED” Sw_DC_Present =“OK” Transfer_Ready
“FALSE” Do Not Care Do Not Care Do Not Care “FALSE”
Do Not Care “FALSE” Do Not Care Do Not Care “FALSE”
Do Not Care Do Not Care “FALSE” Do Not Care “FALSE”

Do Not Care Do Not Care Do Not Care “FALSE” “FALSE”
“TRUE” “TRUE” “TRUE” “TRUE” “TRUE”
TABLE 20 - 2-S2: AC SWITCH REQUEST DT

EVSE_ Vehicle_

Vent_ Vent_ AC_ Recovery_ Ready= Ready= Transfer_ AC_Sw_
Request Confirmed Present Timeout “‘READY” “‘READY” Type_Valid Request
“FALSE” Do|Not Care “TRUE” “TRUE” “TRUE” *TRUE” “TRURB” “CLOSE”
“TRUE” ‘TRUE” “TRUE” “TRUE” “TRUE” “TRUE” “TRURB” “CLOSE”
“TRUE” “FALSE” “TRUE” “TRUE” “TRUE” “TRUE” “TRUB” “OPEN”

Do Not Care  Do|Not Care “FALSE” Do Not Care Do Not €are Do Not Care Do Not Qare “OPEN”"
Do Not Care  Do|Not Care Do Not Care “FALSE” Do Not*Care Do Not Care Do Not Qare “OPEN”
Do Not Care  Do|Not Care Do Not Care Do Not Care “FALSE” Do Not Care Do Not Qare “OPEN”"
Do Not Care  Do|Not Care Do Not Care Do Not Care , ‘Do Not Care “FALSE” Do Not Qare “OPEN”
Do Not Care  Do|Not Care Do Not Care Do Not Cateé Do Not Care Do Not Care “FALSE” “OPEN’

TABLERT™- 2-S3: VENT REQUEST DT

Vent_Exempt

EVSE Location Vent_Required Vent_Request

“TRUE” Do Not Care Do Not Care “FALSE”
“FALSE? “OUTDOOR” Do Not Care “FALSE”
“‘FALSE” “INDOOR” “FALSE” “FALSE”
“FRALSE” “INDOOR” “TRUE” “TRUE”
TABLE 22 - 2-S4: DC SWITCH REQUEST DT
Coupling_ Usage Mode
Proximity EVSE_Ready Vehicle_Ready NOT=
DC_Present Detected =“READY” =“READY” “NO_TRANSER” DC_Sw_Request
“FALSE” Do Not Care Do Not Care Do Not Care Do Not Care “‘“OPEN”
Do Not Care “FALSE” Do Not Care Do Not Care Do Not Care “OPEN”
Do Not Care Do Not Care “FALSE” Do Not Care Do Not Care “‘“OPEN”
Do Not Care Do Not Care Do Not Care “FALSE” Do Not Care “OPEN”
Do Not Care Do Not Care Do Not Care Do Not Care “FALSE” “OPEN”
“TRUE” “TRUE” “TRUE” “TRUE” “TRUE” “CLOSE”
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6.2.1 Determine EVSE Ready to Transfer

The purpose of this process is to determine if all off-vehicle equipment within the context of the ETS is in a state where it
is ready to support power transfer from the Ultility to the EV. This off-vehicle equipment is generally referred to as electric
vehicle supply equipment (EVSE). Only conditions that directly relate to the readiness of EVSE should be considered
here. Issues related to site ventilation should not be considered here, as these are considered as a part of the control
structure.

The exact characteristics considered when determining that the EVSE is ready to support power transfer will vary based
on manufacturers’ specific EVSE designs. Further, the EVSE'’s functional content will vary depending on the ETS
architecture (see Section 7). Therefore, it is only practical to define general requirements that could apply to any design
or architecture. THis results in no explicit flows into this process. Items for consideration should includg, but not be limited
to:

a. Access doors/panels closed

b. Internal power|supply outputs within operational specification

c. Internal compdnent temperatures within operational specification
6.2.1.1 Input/Output Flows

See Table 23.

TABLE 23 - DETERMINE EVSE REAPY TO TRANSFER -
INPUT/OUTPUTFEOWS

Flow Name Type

EVSE_Ready Output

6.2.1.2 Initialization
The following shall|be performed once upon activation of this process:
EVSE_Ready shal| be assigned the value of “NOT_READY”.

6.2.1.3  Operatio

=}

The following shall|be performed continually while this process is active:

EVSE_Ready shall be\assigned the value of “READY” if the present state of the EVSE is such that it gan support energy
transfer properly, otherwise, a value of “NOT_READY” shall be assigned.

Determination of EVSE_Ready shall not take into account data or conditions that are used in the determination of
Transfer_Ready, AC_Sw_Request, DC_Sw_Request, and Vent_Request, as shown in Figure 13.

6.2.2 Determine Vehicle Ready to Transfer

The purpose of this process is to determine if all on-board vehicle equipment within the context of the ETS is in a state
where it is ready to support power transfer from the Utility to the EV. Only conditions that directly relate to the readiness
of vehicles should be considered here. Issues related to site ventilation should not be considered here, as these are
considered as a part of the control structure.
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The exact characteristics considered when determining that the vehicle is ready to support power transfer will vary based
on manufacturers’ specific EV designs. Further, the vehicle’s functional content will vary depending on the ETS
architecture (see Section 7). Therefore, it is only practical to define general requirements that could apply to any design
or architecture. This results in no explicit flows into this process. Items for consideration should include, but not be limited
to:

a. Vehicle in PARK, or parking brake set
b. Access doors/panels closed

c. Internal power supply outputs within specification

d. Internal compdnent temperatures within specification
e. High voltage efluipment properly isolated/grounded
6.2.2.1  Input/Output Flows

See Table 24.

TABLE 24 - DETERMINE VEHICLE READY TOARANSFER -
INPUT/OUTPUT FLOWS

Flow Name Type

Vehicle_Ready Output

6.2.2.2 Initialization
The following shalllbe performed once upon activation.of'this process:
Vehicle_Ready shall be assigned a value of “NOT;*READY”.

6.2.2.3  Operatio

=}

The following shall|be performed continually while this process is active:

Vehicle_Ready shall be assignedia value of “READY” if the present state of the EV is such that it gan support energy
transfer properly, gtherwise, a.value of “NOT_READY” shall be assigned.

Determination of Yehicler Ready shall not take into account data or conditions that are used in the determination of
Transfer_Ready, AC-Sw Request, DC_Sw_Request, and Vent_Request, as shown in Figure 13.

6.2.3  Utility Recovery Delay

The purpose of this process is to provide a random time delay to the start of the energy transfer process after a Utility
recovers from a power outage. This delay is only required when the Utility recovers while an EV is connected to the
EVSE. The delay will allow an opportunity for the Utility’s automatic fault recovery equipment to operate without the load
of EVs on the Utility. Further, the random element has the effect of slowly increasing the total EV load for the recovering
portion of the Utility.

This delay may be considered inconvenient by the EV User. Therefore, this process allows the User to override the delay
by briefly disconnecting the EVSE from the EV. Allowing an individual User to override the delay does not significantly
reduce the effectiveness of the random delay because of the low probability that a large percentage of Users will override
at the same time.
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6.2.3.1  Input/Output Flows
See Table 25.
TABLE 25 - UTILITY RECOVERY DELAY -
INPUT/OUTPUT FLOWS
Flow Name Type
AC_Present Input
Vehicle Ready [nput
Recovery_Timeout Output
6.2.3.2 Initialization

The following shall
6.2.3.3  Operatio
The following shall

Recovery_Timeout
assigned a value o

a. AC_Presentis
120 to 720 s W
restarted each

b. Vehicle_Ready
The timing of t

6.2.4 Determine

The purpose of this
This is accomplish

l

f “FALSE”:

ne 5.0 s continual period shall besrestarted each time AC_Present becomes “TRUE”.

bd by allowing a fixed\period of time for a functioning VS to confirm normal operation

be performed once upon activation of this process: None.

be performed continually while this process is active:

shall be assigned a value of “TRUE” if either of the{following 2 items are true, ot
“TRUE” continually for a random period of time or longer. The random period of tim
ith a resolution and accuracy of 1.0 s or less.” A new random period shall be seleg

time AC_Present becomes “TRUE”.

is “UNDEFINED” continually for 5.0:s or longer during the timing of the 120 to 72

Ventilation Fault (Optional)

process is to determinhe if the Indoor Charge Site Ventilation System is non-functior

herwise, it shall be

e shall be between
ted and the timing

D s random period.

al or not available.

6.2.4.1 Input/Output Flows
See Table 26.
TABLE 26 - DETERMINE VENTILATION FAULT -
INPUT/OUTPUT FLOWS
Flow Name Type
Vent_Confirmed Input
Vent_Request Input
Vent_Fault Output
6.2.4.2 Initialization

The following shall

be performed once upon activation of this process: None.
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6.2.4.3 Operatio

The following shall

n

be performed continually while this process is active:

Vent_Fault shall be assigned a value of “TRUE” if both of the following 2 items are true, otherwise, it shall be assigned a

value of “FALSE”:

a. Vent_Request

has a value of “TRUE” continually for 10.0 s or longer.

b. Vent_Confirmed has a value of “FALSE”.

The resolution and

6.2.5 Identify EV
The purpose of th
identify if the EVS
Code, Article 625.

EVSE may be des
will accommodate
Further, some EVS
be charged by it.

The exact charactg
on manufacturers’

6.2.5.1 Input/Output Flows
See Table 27.
TABLE 2/1DENTIFY EVSE LOCATION -
WNPUT/OUTPUT FLOWS
Flow Name Type
EVSE_Location Output
Vent_Exempt Output
6.2.5.2 Initialization

The following shall

accuracy of all timing parameters shall be 1.0 s or less.
SE Location (Optional)
s optional process is to identify the location, indoor or outdoor, where thé EVSE

E is exempt from the charge site mechanical ventilation requirements identified in th

gned for indoor or for outdoor service, or the equipment may be suitable for either.
some method for the location to be identified (switches, jumpers, etc.) when the equ
E may be exempt from the need for charge site ventilation, regardless of the design

be-performed once upon activation of this process:

s installed, and to
e National Electric

n that case, EVSE
ipment is installed.
of an EV that may

ristics that should be considered to determine the,EVSE location and ventilation status will vary based
specific equipment designs. Therefore, no specific flows are shown into this process|

Vent_Exempt shall be assigned the value of “TRUE” if the EVSE is considered to be exempt from the need for specific
charge site mechanical ventilation, per the National Electric Code (NEC®, NFPA-70-1996), Article 625. Otherwise,

Vent_Exempt shall

be assigned the value of “FALSE”.

EVSE_Location shall be assigned the value of “INDOOR” if the EVSE is considered to be located indoors and that
specific charge site mechanical ventilation may be required, per the National Electric Code (NEC®, NFPA-70-1996),
Article 625. Otherwise, EVSE_Location shall be assigned the value of “OUTDOOR”. In the case where Vent_Exempt is
“TRUE,” the value that is assigned to EVSE_Locations, if any, is of no consequence.

6.2.5.3

The following shall

Operation

be performed continually while this process is active: None.
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6.2.6

Detect Coupling Proximity

The purpose of this process is to determine if the characteristics of the connection between the EVSE and EV are such

that the EV should

be immobilized to prevent possible damage to the power coupling.

The exact characteristics that should be considered when determining if a full or partial connection exists will vary as a
function of the specific EV design and ETS architecture. Therefore, it is only practical to define general characteristics of
the coupling that could apply to any design or architecture.

6.2.6.1 Input/Output Flows
See Table 28.
TABLE 28 - DETECT COUPLING PROXIMITY -
INPUT/OUTPUT FLOWS
Flow Name Type
Coupling_Proximity Detected Output
6.2.6.2 Initialization

The following shall
6.2.6.3 Operatio
The following shall
Coupling_Proximity
the EVSE and EV|
Otherwise, Couplin
6.3 Control Tran

The purpose of thi
System to the EV §

be performed once upon activation of this process: ;,None.

n

be performed continually while this process is active:

Detected shall be assigned a value 0f“TRUE” if the presence or probability of a ¢
is such that the vehicle should be immobilized to prevent possible damage to th
g_Proximity_Detected shall be assigned a value of “FALSE”.

sfer of Electrical Energy

5 process is to contral.the transfer of electrical energy through the ETS, from the El
btorage Battery. Itis decomposed as shown in Figure 14.

bnnection between
e power coupling.

ectric Utility Power
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......................................................... Conversion

Transfer_Ready Conversion_Power_Range

Transter_Type

Voltage_Level

Selact
Power_Out_Cf_Range elac

GConfiguration

Max_Transfer_Power Min_Conversion_Power s1| 4

LMS_Limits LMS_Preference_Toggle®

Datermine
Conversion

\ Load Limits

LMS_Preference_Override Max_Power_Level_Mandate

Transfer_Type_Preference®

Max_Power_Level_Mandate

Max_Fower_Level

Conversion_Power_Range

IEI Allocated to FG#m

Vent_Fault” Battery_Design_Chpacity
EVSE_Location Battery_SCf
Usage_Modg
N goModp .. >
Determine .
Usage_Maode_Time
Energy Transfer
Status Vent_Requirgd
........................ >
Base_Charging_Cgmplate
ETS_Sleep
Power_Level
Stage_Power_Range ./~ N\ | Pulse_Mode_Enable >
J Control Power )
Max_Power_Level Conversion Of Pulse_Hi_Perfod
Electrical
Pulse_Mode Energy Pulse_Lo_Perjed
4

Stage_Power_Limited

Data Flow

*Optional 0 eee.-- Control Flow

FIGURE 14 - 3.0: CONTROL TRANSFER OF ELECTRICAL ENERGY DFD
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Explicit activation of portions of this process shall be as described by Table 29. However, for any process to produce an
output flow, all inputs necessary to determine that output must be available (data triggered).

TABLE 29 - 3.0-S1: VOLTAGE MODE PAT

Voltage_Mode_Enable

34 35
Control Power Conversion of

Electrical Energy of Electrical Energy

Control Voltage Conversion

Disable
Activate

“FALSE” Activate

“TRUE” Disable

6.3.1 Select Cor

The purpose of th
select from the av.
offers a broad ran
Figure 16. Howev
Explicit activation g
a. Table 30—3.1-
b. Table 31—3.11

However, for a pro
triggered).

version Configuration

s process is to identify the power conversion configuration and capabilities of the
bilable options. It is decomposed as shown in Figure 15. It is expected‘that mos

br, it is acceptable to have a single stage.

f portions of this process shall be controlled as described in:
s1: Conversion ldentification PAT

s2: Conversion Selection PAT

cess to produce an output flow, all input flowsnecessary to determine that flow mus

TABLE 30 - 3.1-S1: CONYERSION IDENTIFICATION PAT

ETS, and then to
t equipment which

je of power conversion level will do so in distinct stages with overlapping power ranges as shown in

be available (data

3.1.2 3.1.7
Max_Transfefs Identify Stage Design  Identify Conversion Pgwer
Trapsfer_Ready Power_)alid Range Range
‘FALSE” “FALSE” Disable Disable
‘FALSE” SFRUE” Activate Activate
“TRUE” Do Not Care Disable Activate
TABLE 31 - 3.1-S2: CONVERSION SELECTION PAT
3.1.1 3.1.3 3.15
Tra v:fnr_Dn:\rl\Jl Select Power Stage Select Conversion Control — Select Transfer Type
“FALSE” Activate Activate Activate
“TRUE” Disable Disable Disable
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Validate
Maximum
Transfer Power

Identify
Maximum
Transfer Power

Max_Transfer_Power_Valid

Max_Transfer_Power

Max_Canversion_Power Max_Transfer Power

Identify
Conversion
Power Range

\ Min_Canversion_Power

Max_Stage_Index

i‘ Conveision”Hower_Range
P

Conversion_Power_Range

7

Max_Stage_Index |

Requested_Stage_Index Pewer_Olt_Of_Range

Select

e

A Power Stage
N Max_Stage_Power
Identify \ )
Stage Desigh Min_Stage Power
Range
Stage_Index
2 N \|/
zl Stage_P¢wer_Range

Stage_Power_Range

Veltage_Mgde_ Enable
<0 ge Mqde snavle ... Voltage_Moda_Enabls e -rrrrrmmz R mmmn e e
Voltagd Level G petect

= ohversion

Voltage Level
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Voltage_Mode

Identify

EVSE . . Pulse_Mode
Configuration EVSE_Configuration
4
AC_Energy_Transfer AC_Energy_Transfer \/
Validate Select
<-- _Transfer_IType_Valid Transier \/ Inductive_Energy_Transter lnduciivefEnergyﬁTransler] Fransfer

Type Type

DC_Energy_Transier DC_Energy_Transfer

.6 b

I

Transfer_Type
P10 Transfer_Type |‘<

_.Transfer Ready Transfer_Type_Preferance

- b ,l\ Transfer_Type_Preference*
[

El Allocated to FG#m *Opticnal eeeees Control Flow

Data Flow

FIGURE 15 - 3.1: SELECT CONVERSION CONFIGURATION DFD
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l

Increasing

Stage_Index

Note: For Stage_Index = 0, then Stage_Index =

Max_Stage Power and

0 Mr:u(_Stage_IndexI

Min_Stage_Power are 0 {zero).

o=

I_.-

| Stage_Index =3

|
| Stage_lndex:=2 : !

i Stage_lndex|=1 |
I |

Mi

n

1

6.3.1.1 Select P
The purpose of thi
power conversion
energy transfer. |
before a decision g

The exact charact
specific vehicle de

Max_S.tage_Power
For Stage_Index = 3

Min_Stage;Power
For Stage_Index =3

| Conversion_Power
-and -

Min_Stage_Power

br Stage_Index =1 For St

Max_§

]

Increasing Stage Power —
FIGURE 16 - RELATIVE CONVERSION STAGE POWER RANGE
bwer Stage
5 process is to select which power stage of the AC<to-AC conversion equipment ig
capabilities of the present stage are examined, and a decision is made if that stag
not, a different stage is selected. It may be 'necessary to examine all the capal

an be made.

pristics that should be considered to.select the active power stage will vary based
bigns and the present energy transfer strategy.

Max,Gonpersion_Power

and -

Max_Stage_Power

ge_lndex =
tage_Index

to be active. The
e IS acceptable for
ilities of all stages

on manufacturers’

6.3.1.1.1 Input/Qutput Flows
See Table 32.
TABLE 32 - SELECT POWER STAGE
INPUT/OUTPUT FLOWS
Flow Name Type

Max_Conversion_Power Input
Max_Stage_Index Input
Max_Stage Power [Input
Min_Conversion_Power Input
Min_Stage Power Input
Stage_Index Input
Power_Out_Of Range Input/Output
Requested_Stage_Index Output

6.3.1.1.2 Initialization

The following shall

be performed once upon activation of this process: None.
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6.3.1.1.3
The following shall

6.3.1.1.3.1

Operation

be performed continually while this process is active:

Requested Stage Index

Requested_Stage Index shall be assigned a value that represents which power stage of the AC-to-AC conversion

equipment is to be

active such that:

The value shall range between 0 (zero) and Max_Stage_Index, inclusive.

a.
b. The value sha

present energy
c. The value shal

The value of Powsd
If the value of Po

should be assigned to Requested_Stage_Index.

6.3.1.1.3.2 Pow

Il be selected such that the values of Min_Stage_Power, Max_Stage Power are
transfer strategy.

be 0 (zero) to select a null stage, if no stage is acceptable for the present-energy tra
r_Out_Of Range and Stage_Index should be considered when determining Reque

ver_ Out_Of Range is “LO” (“HI”), this indicates that a value that i léss (greater)

er Out of Range

Power_Out_Of R3
Stage_Index are

Otherwise, no valug shall be assigned.

6.3.1.2

The purpose of thi
AC conversion p

minimum amount gf overlap.

The actual maxi

capability. See 6.1.3.2.3.3.

The exact charac
manufacturers’ speg
6.3.1.2.1  Input/C

See Table 33.

Identify $tage Design Range

nge shall be assigned the value of “OK” if the values_of Min_Stage Power, Max_|
cceptable for the present energy transfer strategy. and the value of Stage_Inde

process is to identify the unlimited steady-state power conversion capabilities of t

er stage. The capabilities have been constrained so that adjacent power std

um power that a stage egan:provide may be limited to a value less than the ig

ristics that should be considered to identify the power conversion capabilities

Dutput Flows

acceptable for the

nsfer strategy.

sted_Stage_Index.
than Stage_Index

Stage Power, and
X is not O (zero).

he selected AC-to-

\ges must have a

lentified maximum

vill vary based on

cific converter designs. Therefore, no converter-specific flows are shown into this process.

TABLE 33 - IDENTIFY STAGE DESIGN RANGE -

INPUT/OUTPUT FLOWS

Flow Name Type
Max_Stage_Index Input
Requested_Stage_Index Input
Stage_Index Output
Max_Stage_Power Output
Min_Stage_Power Output



https://saenorm.com/api/?name=49c436bc989575fe6e2b91cfc2479e57

SAE INTERNATIONAL J2293-1 Stabilized FEB2014 Page 49 of 84

6.3.1.2.2 Initialization

The following shall be performed once upon activation of this process: None.

6.3.1.2.3  Operation

The following shall be performed continually while this process is active:

6.3.1.2.3.1  Minimum Stage Power

Min_Stage Power shall be assigned a value that represents the minimum steady-state power of

Conv_AC_Electrical_Energy for the power stage indicated by Requested_Stage_Index, given the~design of the stage
such that:

a. The steady-state power of Conv_AC_Electrical_Energy shall be less than Min_Stage~Rower +10%, and shall be
greater than Min_Stage Power —10% for the case where the value of Power_Level is equal to Min_Stage Power, as
shown in Figure 9.

b. The value shall be Min_Conversion_Power for the case where the value of Requested_Stage Indek is 1 (one).

c. The value shall be 0 W for the case where the value of Requested_Stageyindex is less than or efjual to 0 (zero), or
greater than Mpx_Stage_Index.

d. The value shall be as indicated in Table 34, based on the value of Max_Stage Power for the adjacent lower power
stage, if any.

TABLE 34 - MINIMUM STAGE POWER VALUES

Max_Stage Power Min_Stage_Power
for Power Stage n for Power Stage n+1
>6.0 kW <(Max_Stage_Power, for Stage n) — 2.0 kW

>2.0 kW, <6.0 kW <+(Max_Stage_Power, for Stage n) —0.5 kW
<2.0 kW >(Max_Stage_Power, for Stage n)

6.3.1.2.3.2 Max|mum Stage Power

Max_Stage_Powel shall be<assigned a value that represents the maximum, unlimited steady-state power of
Conv_AC_Electrical_Power for the power stage indicated by Requested_Stage_Index, given the desigp of the stage such
that:

a. The steady-state_power of Conv_AC_Electrical_Power shall be less than Max_Stage_Power 410% for the case
where Power_Levelis greater than or equal to Max_Stage_Power, as shown in Figure 9.

b. The value shall be Max_Conversion_Power for the case where the value of Requested Stage Index is equal to
Max_Stage_Index.

c. The value shall be 0 W for the case where the value of Requested_Stage_Index is less than or equal to O (zero), or
greater than Max_Stage_Index.

d. The value shall be as indicated in Table 35, based on the value of Min_Stage Power.
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6.3.1.2.3.3

TABLE 35 - MAXIMUM STAGE POWER VALUES

Min_Stage Power Max_Stage_Power

>10.0 kW >Min_Stage_Power + 12.0 kW
>1.5 kW, <10.0 kW >Min_Stage Power + 4.0 kW
<1.5 kW >Min_Stage Power

Stage Index

Stage_Index shall
between 1 and Ma
6.3.1.3 Select C

The purpose of th
control and voltage

The exact characferistics that should be considered to determine the desired (eonversion control

manufacturers’ spg

6.3.1.3.1  Input/C
See Table 36.
6.3.1.3.2 Initializ

The following shall

6.3.1.3.3 Opera

be assigned the value of Requested_Stage_Index, if the value of Requested_Stage |
K_Stage_Index, inclusive. Otherwise, a value of 0 (zero) shall be assigned.

pnversion Control

s process is to select the method of conversion control. There are two method

control.

Dutput Flows

TABLE 36 - SELECT CONVERSION CONTROL -
INPUT/OUTRUT FLOWS

Flow Name Type
Voltage ‘Meode Input
Voltage Level Output
\oltage_Mode_Enable Output
ation

be performéd-once upon activation of this process: None.

ion

The following shall

Index is an integer

s available: power

vill vary based on

cific transfer strategy. Therefore, no strategy specific flows-are 'shown into this procgss.

be“performed continually while this process is active:

6.3.1.3.3.1

Voltage Mode Enable

Voltage_Mode_Enable shall be assigned a value of “TRUE” if the present energy transfer strategy calls for off-board
closed-loop voltage control of Conv_DC_Electrical Energy as described in 6.1.3.5 and Voltage_Mode has the value
“‘SUPPORTED”. Otherwise, Voltage_Mode_Enable shall be assigned a value of “FALSE”.

If the value of Voltage Mode is “NOT_SUPPORTED?”, then the EVSE is not designed to support a closed-loop voltage
control mode of operation. See 6.1.3.4.

6.3.1.3.3.2

Voltage Level

If Voltage_Mode_Enable is assigned a value of “TRUE” above, then Voltage_Level shall be assigned a value that
indicates the desired voltage of Conv_DC_Electrical_Energy, otherwise, no value shall be assigned.
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6.3.1.4 ldentify EVSE Configuration

The purpose of this process is to identify the configuration of the electric vehicle supply equipment (EVSE). The ETS
offers various architectures and some optional features. EVSE may support multiple architectures and some features are
not a part of the EVSE for a particular architecture. This process is always allocated to the off-board equipment (EVSE).

The exact characteristics that should be considered to identify the EVSE configuration will vary based on a manufacturer’s
specific equipment design. Therefore, no explicit flows are shown into this process.

6.3.1.4.1  Input/Output Flows

See Table 37.

TABLE 37 - IDENTIFY EVSE CONFIGURATION -
INPUT/OUTPUT FLOWS

Flow Name Type
AC_Energy_Transfer Output
Inductive_Energy_Transfer Output
DC_Energy_Transfer Output
Pulse_Mode Output
Voltage_Mode Output

6.3.1.4.2 Initialifation
The following shall|be performed once upon activation of this'process:
6.3.1.4.2.1  AC Energy Transfer

AC_Energy Transfer shall be assigned a valuesof “SUPPORTED” if the EVSE is compatible withh the ETS Type A
architecture, otheryise, a value of “NOT_SUPPORTED” shall be assigned.

6.3.1.4.2.2  Indugtive Energy Transfer

Inductive_Energy_[Transfer shall be ‘@ssigned a value of “SUPPORTED?” if the EVSE is compatible with the ETS Type B
architecture, otheryise, a valueof *NOT_SUPPORTED” shall be assigned.

6.3.1.4.2.3  DC Energy-<Fransfer

DC_Energy_Transfer-shall be assigned a value of “SUPPORTED?” if the EVSE is compatible with the ETS Type C

architecture, otherwisea-valte-of--NOT—SUPPORTED>shaltbe-assigred-

6.3.1.4.2.4  Pulse Mode

Pulse_Mode shall be assigned a value of “SUPPORTED” if the EVSE supports the optional mode of operation described
in 6.1.3.4 and the EVSE is compatible with the ETS Type B or C architecture. Otherwise, a value of “NOT_SUPPORTED”
shall be assigned.

While an ETS of any architecture may support this option, the EVSE only plays a direct role in a Type B or C architecture.

This is referred to as Option 1 (O1) in Section 7.
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6.3.1.4.25

Voltage Mode

Voltage_Mode shall be assigned a value of “SUPPORTED” if the EVSE supports the optional mode of operation

described in 6.1.3.5 and the EVSE is compatible with the ETS Type C architecture.

“‘“NOT_SUPPORTED?” shall be assigned.

Otherwise, a value of

While an ETS of any architecture may support this option, the EVSE only plays a direct role in a Type C architecture.

This is referred to as Option 2 (02) in Section 7.

6.3.1.4.3

Operation

The following shall

6.3.1.5 SelectT
The purpose of th
anticipated that so
the on-board equip

The exact charactg
vehicle designs al
process.

6.3.1.5.1 Input/C
See Table 38.
6.3.1.5.2 Initializ

be performed continually while this process is active: None
ansfer Type

s process is to select the form of energy that will be transferred to the vehicle frg

m the EVSE. ltis

me vehicles may support energy transfer of more than one form~ This process is @lways allocated to

ment (EV).

ristics that should be considered to select the form of energy will vary based on mar
nd the present energy transfer strategy. Therefore, 00 vehicle-specific flows a

Dutput Flows

TABLE 38 - SELEGT TRANSFER TYPE -
INPUT/OUTPUT FLOWS

Flow Name Type
AC_Energy_Transfer Input
RC: Energy_Transfer Input
Inductive_Energy_Transfer Input
Transfer_Type_Preference Input
Transfer_Type Output
ation

ufacturers’ specific
e shown into this

The following shall

K nerfarnaad B FET-P-NCMW-C T P-E TP0-
e PCTTOTT e U oOntCoporractuvator U

Transfer_Type shall be assigned one of the values in Table 39, as a function of the values of AC_Energy_Transfer,
Inductive_Energy_Transfer, and DC_Energy_Transfer, indicating the form of energy to be transferred to the vehicle, as
defined in Table 40.


https://saenorm.com/api/?name=49c436bc989575fe6e2b91cfc2479e57

SAE INTERNATIONAL

J2293-1 Stabilized FEB2014

Page 53 of 84

TABLE 39 - TRANSFER TYPE OPTIONS

AC_Energy_Transfer

Inductive_Energy_Transfer

DC_Energy_Transfer

Transfer_Type

‘DC” OR

“‘NOT SUPPORTED “‘NOT_SUPPORTED” “‘NOT_SUPPORTED” “‘NO_TRANSFER”
“‘SUPPORTED” “‘NOT_SUPPORTED” “‘NOT_SUPPORTED” “‘AC” OR “NO_TRANSFER”
“‘NOT_SUPPORTED” “SUPPORTED” “‘NOT_SUPPORTED” “‘INDUCTIVE” OR
“‘NO_TRANSFER”
“‘SUPPORTED” “‘SUPPORTED” “‘NOT_SUPPORTED” “AC” OR “INDUCTIVE” OR
“‘NO_TRANSFER”
“‘NOT_SUPPDRTED” “‘NOT_SUPPORTED” “SUPPORTED” “‘DC” OR “NOATIRANSFER”
“‘SUPPORTEpP” “‘NOT_SUPPORTED” “‘SUPPORTED” “‘AC” OR “DE” AR
“‘NO_TRANSFER”
“‘NOT_SUPPDRTED” “SUPPORTED” “SUPPORTED” “‘INDUCTIVE” OR
“NO_TRANSFER”
“SUPPORTEpP” “SUPPORTED” “SUPPORTED” “AC” OR “INDUCTIVE” OR

“‘DC” OR “NO_T|RANSFER”

If a particular form
preference shall bg

6.3.1.5.3 Opera
The following shall

6.3.1.6 Validate

TABLE 40 - TRANSFER TYPE DERMNITION

Transfer_Type

Definition

“‘NO_TRANSFER”
HACH

“‘INDUCTIVE”

“DC”

Energy is not to bectransferred to the vehicle
Energy transferred to the vehicle is to be in the form

of AC electrical’energy

Energy tranhsferred to the vehicle is to be in the form

of indugtive (magnetic) energy

Energy transferred to the vehicle is to be in the form

of\DC electrical energy

ion

Transfer Type

of energy is preferred-by the EV User, indicated by the value of Transfer_Type_ Pr|
considered if it is-supported. It is not required that the preferred form of energy be t

be perfartmed continually while this process is active: None

eference, then this
ransferred.

The purpose of this process is to determine if the form of energy selected to be transferred to the vehicle is valid.

6.3.1.6.1

See Table 41.

Input/Output Flows


https://saenorm.com/api/?name=49c436bc989575fe6e2b91cfc2479e57

SAE INTERNATIONAL

J2293-1 Stabilized FEB2014

Page 54 of 84

TABLE 41 - VALIDATE TRANSFER TYPE -
INPUT/OUTPUT FLOWS

Flow Name Type
AC_Energy_Transfer Input
DC_Energy_Transfer Input
Inductive_Energy_Transfer Input
Transfer_Type Input
Transfer_Type Valid Output
6.3.1.6.2 Initialization

The following shall
6.3.1.6.3 Opera
The following shall

Transfer_Type Va

more than one iten is true, a value of “FALSE” shall be assigned:

a. AC_Energy Transfer has the value “SUPPORTED” and Transfer.Type has the value of “AC”.

b. Inductive_Ene
c. DC_Energy T
6.3.1.7 Identify (

The purpose of thi
that are supported
must be able to ful

The exact charac
manufacturer’s speg

be performed once upon activation of this process: None
ion
be performed continually while this process is active:

id shall be assigned a value of “TRUE” if any single one ‘of the 3 following items i

gy_Transfer has the value “SUPPORTED” andsTransfer_Type has the value of “IND
ansfer has the value “SUPPORTED” and:Transfer_Type has the value of “DC”.
Conversion Power Range

5 process is to identify the migimum and maximum power capabilities, and the numb
by the AC-to-AC conversion equipment. The capabilities have been constrained sg

y charge the EV Storage Battery under most residential situations (> 1.5 kW, <10.0

eristics that should“be considered to identify the conversion power range will
cific converter design. Therefore, no explicit flows are shown into this process.

s true. If none, or

UCTIVE”.

er of power stages
that power stages
KW).

vary based on a

6.3.1.7.1  Input/Qutput Flows
See Table 42.
TABLEAZ—DENTIF ¥ CONVERSIONPOWER RANGE=
INPUT/OUTPUT FLOWS
Flow Name Type
Max_Stage_Index Output
Max_Conversion_Power Output
Min_Conversion_Power Output
6.3.1.7.2 Initialization

The following shall

be performed once upon activation of this process:
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6.3.1.7.2.1

Maximum Stage Index

Max_Stage_Index shall be assigned an integer value between 1 and 63, inclusive, that indicates the total number of
power stages that are provided by the AC-to-AC conversion equipment.

6.3.1.7.2.2

Maximum Conversion Power

Max_Conversion_Power shall be assigned a value that is equal to the value of Max_Stage Power for the case where the
value of Stage_Index is Max_Stage Index. See 6.3.1.2.

6.3.1.7.2.3

Minimum Conversion Power

Min_Conversion_H

a. The value sha
See 6.3.1.2.

b. The value shal

c. The value shg
supports Volta

6.3.1.7.3 Opera

The following shall
6.3.1.8 Identify |
The purpose of th
expected that a ve
Battery’s maximunm

The exact charact

manufacturers’ spécific vehicle designs and ETS architecture. Therefore, no vehicle-specific flows 3

ower shall be assigned a value that meets the following:

| be equal to the value of Min_Stage_Power for the case where the value.of Stag

be as indicated in Table 9, based on the value of Max_Conversion_Power. See 6.3

Il be less than or equal to 180 W regardless of the value of IMax_Conversion_P
je_Mode. See 6.3.1.4.

ion

be performed continually while this process is agctive: None.
Mlaximum Transfer Power

is process is to identify the maximumZelectrical power that can be transferred to
hicle will be designed to accommaodate a maximum power transfer level, regardless

charging level. This process is always allocated to the on-board equipment (EV).

bristics that should be considered to determine the maximum power transfer level

Dutput Flows

TABLE 43 - IDENTIFY MAXIMUM TRANSFER POWER -
INPUT/OUTPUT FLOWS

e_Index is 1 (one).

1.2,

pwer if the system

the vehicle. 1t is
of the EV Storage

will vary based on
iIre shown into this

process.
6.3.1.8.1  Input/C
See Table 43.
6.3.1.8.2

The following shall

Flow Name Type

Max_Transfer_Power Output

Initialization

be performed once upon activation of this process:

Max_Transfer_Power shall be assigned a value that indicates the maximum energy transfer rate (power) that can be

accommodated by
6.3.1.8.3

The following shall

the equipment to which this process is allocated (vehicle).

Operation

be performed continually while this process is active: None.
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6.3.1.9

Validate Maximum Transfer Power

The purpose of this process is to determine if the identified maximum electrical power that can be transferred to the

vehicle is valid.

Input/Output Flows

TABLE 44 - VALIDATE MAXIMUM TRANSFER POWER -
INPUT/OUTPUT FLOWS

6.3.1.9.1
See Table 44.
6.3.1.9.2 Initializ

The following shall
6.3.1.9.3 Opera
The following shall

Max_Transfer_Pov
equal to 0 W, othe
6.3.2 Determine
The purpose of thig

the external Load
vehicle’s power tra

Flow Name Type
Max_Transfer_Power Input
Max_Transfer_Power_Valid Output
ation

be performed once upon activation of this process: None.
ion
be performed continually while this process is active:

ver_Valid shall be assigned a value of “FALSE” if the value of Max_Transfer_Poy
wise, a value of “TRUE” shall be assigned.

Conversion Load Limit

Management System (LMS)\the size of the branch circuit that the EVSE is con
hsfer capability. It is decomposed as shown in Figure 17.

ver is less than or

process is to determine limits.for the AC-to-AC conversion process that are based ¢n information from

hected to, and the
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Max_Transfer_Power Max_Power_Level Mandate

Determine =
Maximum
Power Level
. . Mandate o
Min_Conversion_Powar Current_Limit_Mandate
Identity
Branch Circuit
Rating
Branch_Circuit_Rating 5
LMS_Current_Limit_Preference*
LMS_Gurrent_Limit_Mandate* Determine
Input Current
Limit
LMS_Prefprence_Toggle* LMS_Preference_Override*
LMS_Prefgrence_Override*
<
(1]
Min_Conversion_Power Dete'rmine Current_Limit
Maximum
Power Level
\ W v }\ Max_Power_Level —
-

|E| Allocated to FG#m *Optional  eeeee- Control Flow

Data Flow

FIGURE 17 - 3.2: DETERMINE CONVERSION LOAD LIMITS DFD

This process will not limit energy transfer to zero even when there is a specific LMS request to do so, except if the
minimum conversion capability would exceed the branch circuit rating. It would be detrimental to some vehicles if they
were required to limit their load to zero for extended periods of time. See Figure 18.
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“TRUE"
/
LMS_Preference_Override = "FALSE”

L

| Pre-set |
L:V‘IS_PI CfGICI IUG_TUBB:G - “Tnu:“ L:V‘IG_FIU:CI ol IUG_TU&H:C - “rl"‘\LGE"
LMS_Preference_Override = “TRUE” LMS_Preference_Override = “FALSE”
{ Set | | Clear |
LMS_Preference_Toggle = “FALSE” LMS_Prefererce_Toggle = “TRUE”
/ /
LMS_Preference_Override = “TRUE” LMS_PRreference_Override = “FALSE”
| Pre-clear |
FIGURE 18 - 3.2-8}% LMS PREFERENCE OVERRIDE STD

6.3.2.1 Determime Input Current Limit

The purpose of thig process is to determine the maximum input current of the AC-to-AC conversion p
maximum current o be drawn from‘the Utility. This will be based on the rating of the branch circuit th
and input from the LMS. However, the LMS can not limit the ETS to less than 1500 W of load.

The EVSE is cons|dered to\be’ a continuous load by the NEC®. Therefore, the branch circuit current i
the circuit’s rating.

6.3.2.1.1  Input/Quiput Flows

ocess. This is the
at feeds the EVSE

5 limited to 80% of

See Table 45.
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TABLE 45 - DETERMINE INPUT CURRENT LIMIT -
INPUT/OUTPUT FLOWS

Flow Name Type
Branch_Circuit_Rating Input
LMS_Current_Limit_Mandate Input
LMS_Current_Limit_Preference Input
LMS_Preference_Override Input
Current_Limit Output
Current_Limit_Mandate Output

6.3.2.1.2 Initialifation
The following shalllbe performed once upon activation of this process: None.
6.3.2.1.3  Operation
The following shall|be performed continually while this process is active:
6.3.2.1.3.1  Current Limit Mandate
Current_Limit_Mandate shall be assigned a value that is the minimum.value of the following 2 items:
a. 80% of Branch|_Circuit_Rating
b. The maximumvalue of the following 2 items:
1. LMS_Currént_Limit_Mandate

2. The value [of the current of AC_Electrical” Energy £5% when the power of AC_Electrical_Energy is 1500 W at its
nominal vdltage.

6.3.2.1.3.2 Currgnt Limit

If LMS_Preferencqg Override is {FALSE”, then Current_Limit shall be assigned a value that is the mirnjimum value of the
following 3 items:

a. 80% of Branch|_Circujt\Rating

b. LMS_Current_|imit_Preference

c. LMS_Current_Limit_Mandate

If LMS_Preference_Override is “TRUE”, then Current_Limit shall be assigned a value that is the same as
Current_Limit_Mandate.

6.3.2.2 (Section Deleted)
6.3.2.3 Determine Maximum Power Level
The purpose of this process is to determine the maximum level of AC-to-AC power conversion that will be accommodated

at this time. It takes into account input current limitations and the AC-to-AC conversion minimum controlled output
capability.
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6.3.2.3.1  Input/Output Flows
See Table 46.
TABLE 46 - DETERMINE MAXIMUM POWER LEVEL -
INPUT/OUTPUT FLOWS
Flow Name Type
Current_Limit Input
Mn_Conversion_Power [nput
Max_Power_Level Output
6.3.2.3.2 Initialiation

The following shall
6.3.2.3.3 Opera
The following shall
6.3.2.3.3.1 Max
If the value of Pow
than Min_Convers
shall be assigned
+0%, —10%.

6.3.2.3.3.2 Max

Max_Power_Level
decrease at a rate

6.3.2.4

The purpose of this
if the LMS preferer
6.3.2.4.1  Input/C

See Table 47.

Determipe Maximum Power Level Mandate

be performed once upon activation of this process: None.
ion

be performed continually while this process is active:
mum Power Level

er_Level that causes the current of Sw_AC_Electtical_Energy to be Current_Limit, -
on_Power, then Max_Power_Level shall be assigned a value of 0 W, otherwise,
the value of Power_Level that causes theclrrent of Sw_AC_Electrical_Energy td

mum Power Level Rate of Change

shall have a limited rate of change such that it shall increase at a rate less than 1
ess than 9500 W/s.

process is to detesrmine the maximum level of AC-to-AC power conversion that can
ces are overridden. This level should not be exceeded for any reason.

Dutput Flows

-0%, —10%, is less
Max_Power_Level
be Current_Limit,

500 W/s and shall

be accommodated

TABLE 47 - DETERMINE MAXIMUM POWER LEVEL MANDATE -
INPUT/OUTPUT FLOWS

Flow Name Type
Max_Transfer_Power Input
Current_Limit_Mandate Input
Min_Conversion_Power Input

Max_Power_Level Mandate Output
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6.3.2.4.2
The following shall
6.3.2.4.3
The following shall

6.3.2.4.3.1

Initialization

be performed once upon activation of this process: None.

Operation

be performed continually while this process is active:

Maximum Power Level Mandate

If the value of Power Level that causes the current of Sw AC Electrical Energy to be Current Limit Mandate, +0%, —

10%, is less than N
Max_Power_Level
a. Max_Transfer |
b. The value of P,
10%.
6.3.2.4.3.2 Max

Max_Power_Level
and shall decrease

6.3.2.5

The purpose of thi
is expected that th
will accommodate
This process is alw

The exact charag
manufacturers’ speg

lin_Conversion_Power, then Max_Power_Level Mandate shall be assigned a value
| Mandate shall be assigned a value that is the minimum of the following 2 items!

| Power

pwer_Level that causes the current of Sw_AC_Electrical_Energy to be Cufrent_Limi

mum Power Level Mandate Rate of Change

| Mandate shall have a limited rate of change such that.t shall increase at a rate I
at a rate less than 9500 W/s.

Identify Branch Circuit Rating

b process is to identify the current rating ofthe branch circuit that provides Utility pow
e EVSE will be designed to be connected\to a branch circuit of a specific rating, or
A method for the circuit rating to be identified (switches, jumpers, etc.) when the equ
ays allocated to the off-board equipment (EVSE)

teristics that should be copsidered to determine the branch circuit rating w
cific equipment designs. Fherefore, no specific flows are shown into this process.

of 0 W, otherwise,

Mandate, +0%, —

pss than 1500 W/s

er to the EVSE. It
that the equipment
ipment is installed.

Il vary based on

6.3.2.5.1  Input/Qutput Flows
See Table 48.
TABLE 48 - IDENTIFY BRANCH CIRCUIT RATING -
INPUT/OUTPUT FLOWS
Flow Name Type
Branch_Circuit_Rating Output
6.3.2.5.2 Initialization

The following shall

be performed once upon activation of this process:

Branch_Circuit_Rating shall be assigned a value that indicates the rated amperage of the branch circuit that provides

Utility power to the
6.3.2.5.3

The following shall

EVSE.

Operation

be performed continually while this process is active: None.
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6.3.3 Determine Energy Transfer Status
The purpose of this process is to determine the status of the present energy transfer strategy.

Storage batteries and vehicle systems will differ from individual vehicle manufacturers, as well as between vehicles from
the same manufacturer. Different batteries and different high voltage power systems will require different energy transfer
strategies. Therefore, it is not practical to require or define exact charge control strategies or exact transfer strategies in
this document.

All electric vehicle charging systems (specific battery charging equipment applied to a specific vehicle/battery) are
identified as one of two types with respect to National Electric Code (NEC®, NFPA-70-1996), Article 625—Electric Vehicle
Charging System Equipment. The types are:

“ ”

a. Those that hgve been certified as “...suitable to be charged indoors...” and, therefore; 'do npt require specific

mechanical veptilation for an indoor charging site.

b. All others, considered suitable for indoor charging if, and only if, appropriate mechanical ventilation|is operating at the
indoor charging site.

An individual vehidle, typically with a fixed battery design, may be capable of multiple charge control gtrategies using the
same charging eqyipment. The use of different strategies may alter the charging system’s need for meghanical ventilation
for indoor charging. There are no restrictions that prevent changing strategy to accommodate variops indoor charging
sites that may not hpave mechanical ventilation.
6.3.3.1 Input/Output Flows

See Table 49.

TABLE 49 - DETERMINE NERGY TRANSFER STATUS -
INPUTHOUTPUT FLOWS

Flow Name Type
EVSE ‘Location Input
MaXx» Conversion_Power Input
Max_Power_Level Input
Max_Power_Level Mandate Input
Max_Stage_Index Input
Min_Conversion_Power Input
Vent_Fault Input
Base Charging_Complete Output
Battery Design_Capacity Output
Battery SOC Output
ETS_Sleep Output
Usage Mode Output
Usage Mode_Time Output
Vent_Required Output

6.3.3.2 Initialization

The following shall be performed once upon activation of this process: None.
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6.3.3.3
The following shall

6.3.3.3.1 Usage

Operation

be performed continually while this process is active:

Mode

Usage_Mode shall be assigned a value that indicates the purpose that energy transferred to the vehicle will be, or is
presently being used for, given the present energy transfer strategy, as defined in Table 50.

TABLE 50 - USAGE_MODE DEFINITION

6.3.3.3.2 Usage
Usage Mode_ Tim
the vehicle will be,
when no estimate |
6.3.3.3.3  Ventils
Vent_Required shg

energy transfer st
Article 625. Other

Usage Mode Definition

“NO_TRANSER” No energy transfer to the vehicle or battery is occurring

or desired.

Energy is/will be used to charge the battery to base
charge completion and to support other high voltage
vehicle systems. When this mode is complete;the
battery is to be considered fully charged by EV User.

“BASE”

“‘OVER” Energy is/will be used to perform equalization
maintenance (overcharge) of the battery and to support
other high voltage vehicle systems. Interrupting this
mode will not significantly affect’the range of the vehicle.
For this mode to be in effect, the BASE mode must have
successfully completed*(Base_Charging_Complete =

“TRUE”).

Energy will not be ,used to charge the battery. It will be
used to support-other high voltage vehicle systems.

“‘SUPPORT”

Mode Time

b shall be assigned a value‘that indicates an estimate of the period of time that en
or will continue to be used*for, for the present Usage_Mode. Usage Mode_Time sh
S available or possible!

tion Required
Il be assignied-the value “TRUE” if mechanical ventilation for indoor charging is requ

ategy and_the present EV Storage Battery, per the National Electric Code (NECH
vise, Vent_Required shall be assigned the value “FALSE”.

The value of EVSH

ergy transferred to
hll indicate O (zero)

red for the present
, NFPA-70-1996),

|_ocation may be considered when selecting the present energy transfer strategy.

If Vent_Required has the value “TRUE” and Vent_Fault has the value “TRUE”, then energy transfer will not be allowed. In
this situation, a different energy transfer strategy that will cause Vent_Required to be assigned, the value “FALSE” should

be considered.

6.3.3.3.4

Base Charging Complete

Base Charging_Complete shall be assigned the value of “TRUE” if the “BASE” Usage Mode has been successfully
completed. Otherwise, Base Charging_Complete shall be assigned the value of “FALSE”.

6.3.3.3.5

Battery State of Charge

Battery SOC shall be assigned a value that is an estimate of the present percent fraction content of the EV Storage
Battery’s usable energy content when fully charged (100%).
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It is not required that Battery_SOC have a value of 100% when Base_Charging_Complete is “TRUE”.

6.3.3.3.6  Battery Design Capacity

Battery Design_Capacity shall indicate the EV Storage Battery’'s rated static capacity (C) as confirmed by SAE J1798
using the “constant current method”. SAE J1798 specifically deals with individual battery modules. The number C shall
be appropriately scaled to represent the number and configuration of the modules that make up the total EV Storage

Battery.

6.3.3.3.7 ETSS

leep

ETS_Sleep shall k
session and that t

e assigned a value of “TRUE” to indicate that the ETS has concluded the prese
he vehicle may enter a low-power (sleep) mode of operation when the conditions

such a mode is supported. Otherwise, ETS_Sleep shall be assigned a value of “FALSE”.

This will be used

EVSE. This comm
6.3.4 Control Po
The purpose of thi
strategy is met, an

will implement som
as voltage or curre|

The exact charact
specific vehicle de
into this process.

6.3.4.1 Input/OuU

See Table 51.

hs a part of the SAE J1850 communication network to stop the transmisSion of 1
unication channel must be idle in order for the EV to enter low power mode. See SA

wer Conversion of Electrical Energy

5 process is to determine the power level of the conversion-rocess so that the pres
i to determine if the present power stage’s power range.is insufficient. It is expecte
e type of closed-loop control of the electrical charactéristics of the EV or the EV Stq
ht. The exact control method will not be specified,.except to describe what outputs a

pristics that should be considered to control the* power conversion will vary based

tput Flows

TABLE 3¥ - CONTROL POWER CONVERSION
OF ELECTRICAL ENERGY -
INPUT/OUTPUT FLOWS

nt energy transfer
are appropriate, if

hessages from the
E J2293, Part 2.

ent energy transfer
d that this process
rage Battery, such
re expected.

on manufacturers’

5igns and EV Storage Battery Technology.(Therefore, no vehicle- or battery-specific flows are shown

Flow Name Type
Min_Stage_Power Input
Max_Stage_Power Input
Max_Power_Level Input
Pulse_Mode Tnput
Stage_Index Input
Stage_Power_Limited Input
Power_Level Output
Power_Out_Of Range Output
Pulse_Mode_Enable Output
Pulse_Hi_Period Output

Pulse Lo Period Output
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6.3.4.2
The following shall
6.3.4.3 Operatio
The following shall

6.3.4.3.1 Power

Initialization

be performed once upon activation of this process: None.
n
be performed continually while this process is active:

Level

Power_Level shall be assigned a value less than or equal to Max Power Level that indicates the present energy transfer

strategy’s desired

Power_Level shall
Max_Power_Level
or shortened servi

energy and agreements with their Utility.

Stage_Power_Lim
is limited, further in
6.3.4.3.2 Power

Power_Out_Of Rg

Conv_AC_Electrical Energy greater (less) than what is available from the active power stag

Min_Stage_Power

Stage_Power_Lim
for the present pov
limited.

6.3.4.3.3 Pulse

Pulse_Mode_Enahb
operation as descr

be assigned the vglue “FALSE”.

If the value of Pulg
operation. See 6.1

6.3.4.3.4 Pulse

power level of Conv_AC_Electrical_Energy. See 6.1.3.2.
be assigned a value greater than Max_Power_Level if, and only if, the rpower

e life. Exceeding Max_Power_Level may have financial consequences for'the Use

creases in Power_Level will have no affect.

Out of Range

nge shall be assigned a value of “HI" (“LO”),.if“the present strategy desires
and Max_Stage_Power. Otherwise, Power_Out® Of Range shall not be assigned a
ted should not be considered when determining the value of Power_Out_Of Range.
er stage, it may be a temporary condition, and power stages with higher power cap
Mode Enable

le shall be assigned the value “TRUE”, if the present strategy calls for a positi
bed in 6.1.3.4 and the\value of Pulse_Mode is “SUPPORTED”. Otherwise, Pulse_|
e Mode is “NOTF ' SUPPORTED?”, then the EVSE is not designed to support a positi

.3.4.

Period

level indicated by

is immediately insufficient to prevent the vehicle and its on-board comporents from eventual damage

due to the cost of

ted should be considered when determining if the value of Poweér _Etevel should be inpcreased. If power

a power level of
e as defined by
value.

If power is limited
ability may also be

e-pulsed mode of
Mode_Enable shall

ve-pulsed mode of

Pulse_Lo_Period g

nd_Pulse Hi Period shall be assigned values that indicate the period of the PO ang

P1 power phases

of the positive-pulsed mode of operation described in 6.1.3.4 if the value of Pulse_Mode Enable is “TRUE”. Otherwise,
Pulse_Lo_Period and Pulse_Hi_Period shall not be assigned values.

6.3.5

7. SYSTEM ARC

(Section Deleted)

HITECTURE

There are 3 different system architectures for the ETS that determine how the elements of the functional requirements
(see Section 6) are to be grouped into equipment (EVSE and EV) and how that equipment is to be connected. The
detailed physical descriptions will be limited to the boundaries between the EVSE and the EV. The specifics of the design
within the equipment is left to the manufacturer of the equipment. It is required that the equipment, viewed at the
boundaries, functionally act as the combined functional requirements that are grouped within.
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System architecture variations shall be referred to as the following:

a. Type A—Cond

uctive AC System Architecture

b. Type B—Inductive System Architecture

c. Type C—Cond

The physical interfaces to the external systems will not be described.
These interfaces are required to provide the data and electrical energy as described in 5.1. When

manufacturers.

uctive DC System Architecture

The specifics are left

to the equipment

optional external systems are not present or not supported by the equipment, then flows that would be sourced from that

system shall be co

7.1 Requiremen
The ETS can be

converters, and the
in Figure 2. In ord

These functional ¢
convenient becaus
as a part of a piece

The control and pr
four groups. Elem

hsidered to be their defined default value.
s Allocation

iewed as four (4) groups of functions. These groups are loosely definéd as a
P |ogic to operate them, which act to transform AC electrical energy into"DC electrica
br to accomplish this transformation, the groups will function together by’sharing info

roups (FG) are not likely to be implemented as separate components. Howeve
e it can represent the variation due to different system architectures. Each group w
of equipment, EVSE or EV, depending on the type (A, By or C) of system.

ocess specification elements of the requirements.maodel in Section 6 are each allo
ents are optional or required for specific architectures, as indicated by “O” and “R”, r

series of switches,
| energy as shown
mation.

r, this grouping is

ill be implemented

tated to one of the
pspectively. Some

optional elements are grouped as follows, and shall be implemented as a group by EVSE or EVs that slipport the option:

a. Ol1—Positive-pulsed power mode
b. 0O2—Voltage cpntrol mode

c. O3—LMS Support

d. 0O4—VS Support

A note will indicate

7.1.1 Functional

The requirements model elements allocated to Functional Group #1 shall be as listed in Table 52.

when an option requires the optional serial data channel be implemented for Type A

Group #1

systems.
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TABLE 52 - ALLOCATION TO FUNCTIONAL GROUP #1 (FG#1)

Required/  Required/ Required/
Optional Optional Optional
Type Type Type
Name A B C
1.1 Detect AC Present R R R
1.2 Switch AC On/Off R R R
2-s2  AC Switch Request DT R R R
2-s3 VentRequest DT R R R
3.1 Determine EVSE Ready to Transfer R R R
3.3 Utility Recovery Delay R R R
4.4  Determine Ventilation Fault 04" 04 04
35 Identify EVSE Location 0] O O
3.1.4 Identify EVSE Configuration ow R R
3.1.6 Validate Transfer Type R R
3.2-s1 LMS Preference Override STD o3¥ 03 03
3.2.1 Determine Input Current Limit R R R
3.2.5 Identify Branch Circuit Rating R R R

[y

7.1.2  Functional|Group #2

The requirements nodel elements allocated to FunctionakGroup #2 shall be as listed in Table 53.

TABLE 53 - ALLOCATJONS TO FUNCTIONAL GROUP #2 (FG#2)

. Optional serial data channel required for this option for Type.A.

Required/  Required/  Requifed
Optional Optional Optiopal
Type Type Type

Name A B C
1.3-41 Conversion'Mode PAT R R R
1.3-92 Pulse Mode PAT R R R
1.3.1 Determine Conversion Load o3® 03 03
1.3.4 _Convert ACto AC R R R
1.3. Pass AC Power R R R
1.3.4 Modulate AC Power o1 o1 o1
1.6 Detect Switched AC Present R R R
3.1-s1 Conversion Identification PAT R R R
3.1.2 Identify Stage Design Range R R R
3.1.7 Identify Conversion Power Range R R R
3.1.9 Validate Maximum Transfer Power R R R
3.2.3 Determine Maximum Power Level R R R
3.2.4 Determine Maximum Power Level Mandate R R R

1. Optional serial data channel required for this option for Type A.
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